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CHAPTER - I 
I N T R O D U C T I O N 
The peculiar interest of organic compounds contai-
ning sulphydryl, disulphide, amino, nitro and amido groups 
is associated with the fact that such compounds find impor-
tant use in medicine and biologyo They are used therapeu-
tically as promising ligands (1-6). Such compounds are also 
used in analytical chemistry and in industry (7-11), A 
number of such compounds are used as anticancerous. It was 
reported in 1956 that pyridine-2 carboxaldehyde thiosemi-
carbazone display carcinostatic property in the Lymphoid 
1210 test (12), Isoquinoline-1 carboxaldehyde thiosemicar-
bazone has a broad range of carcinostatic activity and low 
toxicity (13), It has been investigated that 5-hydroxypyri-
dine-2 carboxaldehyde thiosemicarbazone is the most active 
anti-leukaemia reagent among all the thiosemicarbazide 
derivatives (14)« Some metal complexes of dithiocarbazoic 
acid have been prepared and found to be biologically active 
in cancer treatment (15,16), The pd(Il) and Pt(ll) complexes 
of dithiocarbazoic acid show antitumer activity in Lewis 
lung and B-16 melanoma system (17) , The Palladixim and 
Platinum complexes of 6-mercaptopurine are known to destroy 
some aditiocarcinomas (18), The metal complexes to be effe-
ctive have sufficiently labelled to cut piece the cancer 
growth (19). From the limited data available, it seems that 
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the following criteria are of importance in determining 
whether a metal complex will have carcinostatic activity 
or not (20) 
(a) Metal chelate should have reasonably high thermodynamic 
stability, 
(b) Metal should be a 'B' class metal in particularly 
Palladium and platinum, 
(c) Ligand with sulphur donor are likely to be most effec-
tive as they usually confer rapid solubility on the 
metal complex and they form stable complex with 'B' 
class and broader line metals. 
These compounds stimulate the respiratory activity 
of brain cortex and act as antiseptic for food stuff (21). 
It has been found that some sulphur containing organic 
compounds are useful as protective agents against certain 
dangerous radiations. Metal salts of some of these com-
pounds have also been used as an antidote in heavy metal 
poisoning by Bismuth/ Arsenic^ Antimony and gold, (22) 
Recently it is well established that pyridoxine-5-
thiol is effective in facilitating the removal of mercury 
out of the central nervous system and across the blood-
brain barrier (23), It has been found that inclusion of 
sulphur or the substitution of an oxygen by sulphur gives 
increased activity and more favourable toxicity ratio (24). 
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It is reported that several antibiotic and therapeutic 
agents produce antibacterial effect after complexation 
with metals (25/26). It is also known that some drugs 
become more effective when administered as a metal 
complex (27,19)o The synthesis of new chelating agents 
of therapeutic value have been the stibject of many recent 
studies. 
An increasing interest of these compounds has been seen 
in heavy metal toxicity patterns and in the development of 
more selective chelating as these toxic heavy metals have 
led to conclude that molecules containing a multiplicity of 
sulphur donor sites might prove specially advantageous in 
the treatment of poisoning by Hg, Pb and Cd. There are 
nximber of disorders in which metals accumulate in the 
liver and cause serious problems. These include chronic 
and acute toxicity due to many of the heavy metal ions as 
well as disorders in which essential metal ions are accu-
mulating in amounts far beyond any potential requirement 
to the points where toxic levels are attained. Thus, ion 
is so acc\imulated in thalassemia major (28) / hemosidersosis 
and hemochromatosis (29,30) while copper is accumulated to 
lethal levels in Wilson's disease (31,32). It is noted 
that most of the chelating agents presently used for the 
removal of toxic metals from the hioman body are quite 
unselectlve in their action e.g. EDTA, administered as 
calcixim complex to facilitate the removal of lead also 
increases excretion of Zinc (33) and iron (34)• The same 
problem arises with pencillamine which enhances the exc-
retion of mercury, copper and lead in therapy but also 
increases the excretion of cobalt and zinc (35)• Further, 
it is becoming increasing clear that zinc plays a vital 
role in biological processes. Its deficiency can cause 
unusual disorders in the development of body, in metabolic 
systems and prostate gland and can result in metal retar-
dation (36), In some cases, it has been observed that 
some of the heavy metal compounds are subsequently reab-
sorbed with bile acids and again participate in entero-
hepatic circulations. As a consequence, fecal excretion 
of heavy metal is modest (37), Such type of metal chelates 
that remove toxic metal from enterohepatic circulation are 
known as enterohepatic chelating agents. It is essential 
for an enterohepatic chelating agent that it must have high 
molecular weight and approximately distributed to polar and 
nonpolar portion so that filtration through glomerulus of 
kidney is hindered and preferred biliary and fecal excretion. 
Some therapeutically more superior enterohepatic chelating 
agents, which facilitate the removal of heavy toxic metals 
from bile secretion as well as from renal excretion have 
been synthesized and studied pharmacologically (38,39-41), 
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Livirgstone et al (17,42,43) studies various structural 
aspects of complexes of therape\Jtic chelai-.ing agents v/ith 
heavy toxic metals. Thus an attempt in the above direc-
tion for seeking such a correlation between magnetic and 
spectrochemical behaviour of metal complexes of some such 
model therapeutic chelating agents has been made which may 
throw light on their mechanism of action and may also open 
up such possibilities for some other organic thiocompounds 
in the development of chelate therapy and in search of some 
new therapeutic chelating agents. 
The basic object here is to administer a metal 
complex which will remove the toxic metals from the human 
body and simultaneously have a minimal effect on the dis-
tribution of the essential metal ions. Thus, the circula-
tion may be emphasized as a mechanism of drug action. The 
basic object may be stated in terms of the process 
desired (44). 
Chelate of various H-
essential metal ions 
v^ 
Toxic metal chelates 
in excreta 
" — 1 
Human body containing toxic metals j 
e.g. Cd"*"^ , Hg"^ ,^ Fe"*"^ , K"^, Na"*", I 
+ 3 .. +2 „ +2 „ +2 , _J 
Fe , Mn , Cu , Zn etc. 
Human body with a normal distribu-
„ +2 +2 „ +2 „ +3 +2 tion of Cd , Hg , Fe , Fe ,Mn , 
+2 +2 + + Cu , Zn , Na / K etc. 
1 
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Sulphur compounds containing amino group or nitrogen 
as hetero atom are of interest as a synthetic intermediate 
of pharmaceuticals (45,38), A number of metal chelates of 
such compounds have been found to Inhibit turner growth (48), 
In cancer treatment it has been shown that active species 
is not the thioseraicarbazone itself but a metal chelate of 
thiosemicarbazone (46,47), A number of metal chelates 
have been found to inhibit tumer growth. It has also been 
reported that thethiolactic acid and thioglycerol were 
found to possess some pharmacological activities (49-64) , 
P-alanine, cysteine, cinconine, 8-hydroxy quinoline deri-
vatives were also found to possess pharmacological importance 
(65-77,7) Chaturvadi et al. reported that complexes of sul-
phagonides are more potent than parent drugs (78,79), Some 
of the aminothio acids have been used in the preparation 
of phosphorus containing pesticides (40,41) , Nitrogen in 
various chelating agents occurs as amino, amido or hetero-
cyclic functional groups. These compounds have attained, 
importance because of their powerful antibiotic and other 
pharmacological activities in which nitrogen as heteroatom 
plays a key role. The common broad spectrum antibiotic 
chloramphenical was the first natural product to possess 
an aromatic nitro group. It is the drug of choice for 
treating typhoid, bacterial, meningitis etc. Similarly 
azomycine or 2-nitroimidazole, 3-nitropropeonic acid and 
7 
aureothin exhibit broad antibiotic and antibacterial 
activities against certain bacteria as well as protozoa 
of bacillus species, Aristolochia acid I and II (identi-
fied as 3,4-inethylenedioxY S-methoxy 10 nitrophenenthrene 
carboxylic acid) and it' s 8-methoxy derivatives respectively 
possess weak antitumerous and bacteriostatic activities. 
Besides having a strong potentiating effect on phagocy-
tosis (80), Nitrogen as amino group in the proteins is of 
peculiar interest as interferon. Interferon consists a 
group of small proteins secreted by cells in response to 
viral infection, certain parasitic infections and to end-
otoxin. It has nov; been shown that interferon is effective 
in treating a v;ide range of diseases including cancer and 
viral infections. It can be induced experimentally in cells 
by treating them v/ith double standard R«N,A. Interferon 
is the most potent antiviral siibstance known being active 
-12 -1'^ in vitro at concentrations of less then 10 to 10 
molecules per,litre. It also inhibits multiplication of 
both normal and cancerous cells in vitro. More exciting 
in the current atmosphere of cancer immunology is the 
recent suggection that interferon kills cancer cells by 
enhancing the host immune response (81), 
Some thioacids containing cobalt and sodium which 
are related to the hydrolysis product of vitamin ^-,2* 
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inhibit the effect of weight reduction in young animals 
by diet containing thio oxide powder. They also prevent 
the occurrence of diabetles due to alloxan and dithiozone(7) 
These compounds have also been found to be active as a 
co-factor in enzymatic oxidation (77). It has also been 
claimed that the solution of vitamin B._ and vitamin c 
are stabilised with thio acids. These acids have also 
been found to be more toxic in wheat seed (82) . It was 
found that diisopropyl aminoethyl thio p-aminobenzoate 
hydrochloride shows more anesthetic properties than procain 
and xylocain. 
The distinguishing property associated with merca-
ptide group is it's ability to react with aldehydes and 
amines to form different biologically active chelating 
agents which are more important than the parent compound. 
Therefore, it is proposed to synthesize some new biologi-
cally active chelating agents containing sulphur, nitrogen 
and oxygen and study their complexation with metals, semi-
quantitatively, to an understanding in general of; 
(a) Donor property of sulphur atom. 
(b) Nature of the metal sulphur link, 
(c) The po^sition of different donor atoms in spcctro-
chemical and nephelauxetic series and corresponding 
series of central metal atoms. 
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(d) The coordination number, stereochemistry and oxidation 
state of transition metal ions; and 
(e) Anomalous magnetic behaviour of transition metal 
complexes. 
The polycarboxylic acids containing two or more 
carboxylic groups as potential donors and therefore are 
capable of combining in various polydentate modeso Some 
multidentate chelating agents (ethane diylidine tetra-
thioacetic acid) and some condensation products of dial-
dehydes v;ith mercapto acids and mercapto amines are pre-
pared by Ritter and Lover (83), Such type of compounds 
have also been prepared by Mark K. Jones et al.(45,38,39-41, 
72-76), Similar type of work has also been done by 
J. Podlaha (44,46,47,84,85) and Tiwari et al.(86-39,90-98) 
suggesting recent views on their structural investigations. 
In our laboratory some p-aminothiobenzoate with certain 
changes in the alkyl groups of substituted amines have been 
synthesized and studied pharmacologically. The study of 
such type of other complexes is interesting because they 
form a frame v;ork by donating through carbonyl oxygen atom 
of carboxylic group to neighbouring metal ions and therefore 
creat maximum possibilities of homonuclear metal-metal 
interaction. 
Metal complexes of various chelating agents are 
used in solution chemistry. In the context of solution 
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chemistry colour change of a complex directly depends upon 
the attachment of ligand with central metal ion. The 
colour change and different special arrangement of bonds 
around a central metal ion can be correlated v;ith the 
marked change in magnetic properties. Subsequent develop-
metal of ligand field approximation (Van-Vlexk (99)/ 
Bethe (100) and Mulliken (101) over crystal field theory, 
and correlation between spectral (visible and U.V.) and 
magnetic properties led to a better understanding of bond 
type (ionic or covalent) and streochemistry of metal ions 
in complexes. The general treatment of the ligand field 
theory in complexes of different stereochemistry has been 
given by different authors. Nyholm (102,103), Figgis (104), 
and Gray (105) have predicted stereochemistry of many 
complexes using magnetic critarea. Tanable, Sunago (106) 
and Orgel (107-110) gives a most general treatment of 
ligand field theory in octahedral complexes. Since then 
Ballhausen, Cotton, Jrgenson, Dunn, Gray, Schaffer and 
several other workers have applied ligand field theory 
to the metal complexes having tetrahedral and tetragonal 
distribution of ligand around the central metal atom. 
The study of metal complex is based on the work 
of Alfred v/arner, who interpreted the essential principles 
of coordination number, metal ligand bond and simple steri-
ochemistry. The application of quantum mechanics by 
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Pauling (111) (from 1932 onward) provide the main stimulous 
to the growth of modern theories of chemical bonding. The 
most important feature was that it gave a sense of purpose 
to physical techniques like magnetic measurements, I.R., 
U.V. and visible spectra, E.P.R., N.M.R. measurements as 
well as more recently developed fields 3 ike microwave, 
nuclear quadrupde and massbaur spectra are used as key 
techniques in elucidating the stereochemistry of metal 
complexes. In fact the complementary impact of quantum 
mechanics and application of modern physical technique 
approved the way for the renaissance of inorganic chemistry 
of v/hich v/arner coordination theory. One of the important 
features connected to the studies of absorption spectra, 
is the establishment of aquo ions as complexes on equal 
footing with other complexes. 
The study of magnetic property is perhaps the 
simplest yet very potent tool for predicting the stereo-
chemistry, the oxidation state and bond type in the complex 
compounds, VThilc V an-vleck and Pauling (99,111) approaches 
have been satisfactorily used to account for the moment of 
spin free (K^FeF ) and spin paired {K^FeiCN) ,) compounds 
of the first row transition metals. The theory of Kotani(ll2) 
appears to provide a reasonable explanation in terms of the 
increased spin orbit coupling for the lov; moment observed 
in many compounds of the heavier transition metals. In 
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case of heavy transition metal complexes explanation of the 
anomalies are generally sought in the relative effect of 
the factors like: 
(i) the greater crystal field effects due to larger 
energy separation ( A ) between d£ and dy orbitals, 
(ii) the preponderance of intermediate forms of the coupling, 
(iii)large spin-orbit coupling constants of the metals 
involved, and 
(iv) the influence of antiferro magnetic interaction. 
The reviews of Nyholm, Figgis and Lewis (113,114,104) on 
the above subject are commendable. The available data on 
the magnetic studies and structural correlation of metal 
complexes involving various types of thio-organic ligands 
can be summ.arized as follows: 
Complexes of mercaptides with Ni (II) , Cu (II) and 
Zn (II) exhibit normal magnetic moment but most of the 
Co (II) complexes have been reported to exhibit siibnormal 
magnetic moment (2o6 - 3,0 B,Mo) (115-122). This subnormal 
magnetic moment is generally described to spin-orbit 
coupling due to metal-metal interaction either directly 
or via bridging atoms, Ni (II) forms a multinuclear 
monomeric complex with thioglycolic acid (123). However, 
in solution Ki (II) complex with thioglycolic acid exhibits 
a subnormal magnetic moment of 2,49 B.M. involving confi-
gurational equilibria (124), The Ni (II) thiosalicylic 
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acid complex in solution (125) ( /A ^ ^ = 2,2 B.M.) probably 
involves partial covalent bonding while it's Co (II) 
complex ( p. r:r: = 2,39 B,M,) has been interpreted in terms 
of simultaneous formation of octahedral and squarcplanar 
species (126). Recently/ an equilibrium mixture of high 
and lov; spin state of Co (II) with thiopropionic acid 
( u = 2.02 B,M,) has also been reported (127), 
B -mercaptoethylamine forms a trinuclear complex (128) , 
with Ni (II) v;hile p-mercaptoethylpyridine form multi-
nuclear low spin inner complexes with Ni (II), Pd (II) 
and Pt (II) . The strong field producing low spin four 
coordinated Ni (II) complexes with N-siibstituted j3-merca-
ptoethylamine has been reported by Busch (129), However, 
Tiwari et al, (93) have reported Ni (II) complex of 
di-isopropylaminoethane thiolhydrochloride as paramag-
netic ( 11 „, = 2o24 B.M.) binuclear nature of the complex 
with two nickel atoms arranged in octahedral and planar 
environment respectively. It also reduces Cu (II) to 
Cu (I), Pt (IV) to Pt (II) and Os (VIII) to Os (IV). The 
Pt (II) complex has been reported as diamagnetic and 
squareplanar while Os (IV) complex as paramagnetic 
( u ^ = 1,20 B.M.) and octahedral. Though Ni (II) complexes 
of thiols are generally diamagnetic and soluble in non-
aqueous polar solvents (130,131) but some are paramagnetic 
and isoluble in most solvents (132), It is interestinq to 
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note that toluene~3, 4-dithiol and a number of divalent 
transition metal ions form complexes of the general formula 
M (TDT) , where M is Fe, Co, Ni or Cu. The Co(TDT)2 anion 
Q 
is perhaps is the first example of a high spin planar d 
metal complex (133), The Co (II) and Ni (II) complexes 
of thiopolycarboxylic acids have been reported to have 
normal magnetic moments (86,134,122,130). The great 
majority of Cu (II) complexes show normal magnetic moments 
of 1.75-2,0 B.M. (135) near the spinonly value of 1.75 B.M, 
and indicating the absence of any appreciable spin coupling 
between unpaired electrons belonging to different copper 
atoms, Figgis (136) predicted a magnetic moment of 
1,90 B,M, for tetrahcdral and 1,90 B.M. for squareplanar 
octahedral copper (II) species. Thus, the magnetic susce-
ptibility is not of much use in deciding on the stereo-
chemistiry of copper complexes. Some Cu (II) complexes 
show subnormal magnetic moments (137-139). Copper (II) 
acetate with three atoms carboxylate bridges has a magnetic 
moment of 1.43 B.M. This phenomenon is caused by the spin-
spin interaction between copper (II) ion. But the subnormal 
magnetic moment is not found in all carboxyl group bridged 
polymers. For example, Cu (II) benzoate trihydrate shows 
a magnetic moment of 1.87 B.M. inspite of it's linear 
polymeric structure. The available data on these transi-
tion metal complexes \<rith various sulphur, oxygen and 
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nitrogen containing ligands is quite in details and inte-
resting (140-148). 
The electronic spectral studies plays a very 
import ant role in elucedating the structure of metal 
complexes. The transition metal complexes usually absorb 
light some where in the spectral region between 200-2000 nm. 
The transitions responsible for these absorption correspond 
to the excitation of electrons of a molecule from the ground 
state to higher electronic states. Electronic transitions 
takes place between the ground levels of coordination 
clusters and the exicited levels.. In transition metal all 
2 2 2 the five 'd' orbitals viz. dxy, dyz, dxz, dz and dx -y 
are degenerated. However, in coordination compounds due 
to the presence of the ligand, the degeneracy is lifted 
and d orbitals split into two groups, called d (dxy and 
2 2 2 dxz) and dr (dx and dx -y ). In an octahedral complex 
the set of d orbital goes above the original level of the 
degenerated orbitals, while in case of tetrahedral complexes 
the position of the d and dj- orbitals is reversed. The 
electronic transitions taking place in an atom or an ion 
are generated by certain "selection rules". Transitions 
which are possible according to these rules are referred 
to as "allowed transitions" and those not possible as 
"forbidden transitions". 
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(i) Transitions between states of different multiplicity 
'^  ^  (80) are forbidden, 
(ii) Transitions Involving the excitation of more than 
one electrons are forbidden, 
(iii) In a molecule, which has a centre of symmetry tran-
sitions between two or two undegenerated states 
degenerate symmetry, are forbidden. 
All the terms in a given system further split in 
the presence of a ligand field. Interelectronic repulsions 
within a configuration give the energies of term above, the 
ground term. The energies are functions of two parameters 
related to the electronic repulsions. The tv/o parameters 
may be chosen in either way of codon shortley (149) (F 
and F ) or in that of Racah (150, 151) (B and C) for d 
orbital electrons. It is possible to examine the effect 
of crystal field on a polyelectron configuration. The 
ligand field splitting due to crystal field can be obtained 
by considerations of group theory. It has been shox^ m that 
an S state remain unchanged, P state does not split, a D 
state split into two and F state into three and G state 
into four states as tabulated below. This fold for a 
octahedral as well as symmetryo 
^1 
P T. 1 
D E + T 2 
F A2 + T^ + T2 
G A^ + E + T., + T^ 
1 J. 2 
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The electronic spectra of the complexes may be taken 
in the solid state as well as in solution. This may be 
accomplished in three ways: 
(i) A single crystal may be studied. Here the observa-
tion of the absorption spectrum may be made in 
different crystal orientations and with light polari-
zed in different directions, 
(ii) The diffuse reflectance spectrum. In this technique, 
the sample is grinded finally and the light is made 
to pass through it and examined. Except for bands 
of low intensity it is usually advantageous to grind 
the compound intimately v.dth a suitable inert white 
material such as magnesium carbonate. Minima in the 
reflected light occurs at the absorption bands of 
the complex, Kov;ever often diffuse reflectance is 
the only method available for the examination of 
spectrum of an insoluble or unstable material. It 
is not possible to obtained extinction coefficient 
for the bands in diffuse reflectance spectra. The 
spectra are obtained as plots relative absorbance 
against energy, 
(iii) Bands in the infrared part of the spectrum may be 
examined with the specimen in the form of a mull, 
as usual in infrared spectroscopyc This technique 
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finds use for materials which are insoluble in solvents 
and transparent to infrared radiations. 
Sometimes charge transfer bands appear in the ult-
raviolet region of the spectrum. Charge transfer spectra 
involves a redistribution of electron desnity within a 
molecule i,e, transfer of charge from ligand to metal or 
metal to ligand. For metal complexes there are often 
possibilities that charge transfer spectra extend into the 
visible region to obscured d-d transitions. The rule is 
that greater the oxidizing power of the metal ion and the 
reducing power of the ligand group, 1ower the energy at 
which the charge transfer band appear. 
A survey of the literature indicates that a consi-
derable work has been published on transition metal comp-
lexes of sulphur/ Nitrogen and oxygen containing ligands due 
to interesting corelation between their colour and stereo-
chemistry on one hand and their increasing applications in 
medicines and industries on the other hand. It makes a 
keen interest in studying the following aspects: 
(i) Various coordination number of metal ions and their 
stereochemistry. 
(ii) Stability of various oxidation states of metal ions. 
(iii) Analytical applications of sulphur^ nitrogen and 
oxygen containing ligands. 
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(Iv) Anamalous magnetic properties of transition metal 
ions. 
(v) The position of sulphur, nitrogen and oxygen contai-
ning li'gands in spectrochemic series, 
(vi) Nature of metal sulphur link and correlation with 
properties of complexes. The metal complexes of 
organic compounds containing sulphur, nitrogen and 
oxygen as heteroatoms are of great interest because 
of their enhanced stability and formation of bridged 
complexes (122,128,129,93), 
In view of the above findings, it may be worth-
while to study the various structural aspects of chelating 
agents containing sulphur, nitrogen and oxygen as hetero-
atoms and their neutral complexes with toxic metals. Thus, 
an attempt in the above field for seeking such a correla-
tion between magnetic and spectrochemical behaviour of 
metal complexes and the pharmacological studies of some 
such metal chelating agents has been made which may through 
light on their mechanism of action and may also open up 
such possibilities for some other organic compounds con-
taining sulphur nitrogen and oxygen in the development of 
chelatetherapy and in search of new chelating agents of 
high therapeutic value. 
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In the present thesis the work done have been 
divided into four phases. 
(1) The synthesis of new biologically active chelating 
agents containing sulphur, nitrogen and oxygen as 
potential donor atoms and their characterization on 
the basis of elemental analysis, I.R. spectral 
studies and analytical datas, 
(2) Preparation of transitional metal complexes with 
these synthesized chelating agents, 
(3) Characterization of prepared metal complexes with 
the help of various modern sophisticated physical 
techniques ie, magnetic susceptibility measurements, 
elemental analysis, I.R. and diffuse reflectance 
spectral studies» 
(4) The prepared ligands and their metal complexes will 
"be tested for phcirmacological and biochemical 
activities on rabbits and rats. Which is under inves-
tigation. 
The present work embodies the synthesis and study 
of following ligands and their complexes, 
(1) Synthesis of Propane 1:3 dithioglycerol and the study 
of its complexes with cobalt (II) , Nickel (II), 
Copper (II), Chromium (III), Iron (III), Zinc (II), 
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Cadmiiim (II) and Mercury (II) • 
(2) Synthesis of Methylene bis thioacetamide and the study 
of its complexes with Cobalt (II), Copper (II), 
Manganese (II), Iron (III), Nickel (II) / Zinc (II), 
Cadmium (II) and Mercury (II) . 
(3) Synthesis of 0-methylene bis thioacetamido dianaline 
and the study of it* s complexes with Cobalt (II), 
Nickel (II), Copper (II), Iron (III), Zinc (II), 
Cadmium (ll) and Mercury (II). 
(4) Synthesis of Isonicotinic acid phenyl hydrazide and 
the study of its complexes with Cobalt (II) , Nickel (II) 
Copper (II), Iron (II) and-Palladium (II). 
The structural formulae of these synthesized 
ligands are as below: 
CH2 OH HOH2 C 
r I 
CH OH HO H C 
CH2-S - CH2 - CH2 - CH2 - S — CK2 
Propane 1:3 d i t h i o g l y c e r o l (PDTG) 
S - CH2 - CO NH2 
CH2 
S - CH„ - CO NI-I^  2 
Methylene bis thioacetamide (MBTA) 
S - CH2 - CONH - ^ ~ ^ 
^.2 
S - CH2 - CONH -
Orthomethylene bis thioacetamido dianaline (OMBTADA) 
Isonicotinic acid phenyl hydrazide (INAPH). 
Propane 1:3 dithioglycerol is a hexadentate chela-
ting agent and contains four hydroxyl groups and two sul-
phur atoms capable of combining in various polydentate 
modes. It forms ML t^ p^e complexes with transition metals 
in which central metal atom is coordinated by tv;o sulphur 
atoms and tv/o oxygen atoms of secondary alcoholic groups» 
The two covalent bonds were formed by the deprotonation 
of tv;o primary alcoholic groups so as to form covalent 
linkage to central metal atom with two oxygen atoms. 
Methylene bis thioacetamide (MBTA) contains two 
sulphur atoms two oxygen atoms and two nitrogen atoms 
as donor atoms. It is also a hexadentate ligand and 
forms M-L type complexes. During the complex formation 
it looses one proton from each amide group and forms a 
covalent linkage between central metal atom and nitrogen 
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atom of the amide group. Two coordination sites are occu-
pied by two water molecules in some complexes of MBTA. 
O-methylene bis-thioacetamido dianallne contains 
two sulphur atoms, two oxygen atoms and four nitrogen 
atoms so as to combine in various polydentate modes. It 
forms M-L„ type complexes with various transition metals, 
A noteworthy point here is that sulphur is not coordinated 
in the complexes most probably due to steric hinderence, 
caused by the presence of large bulky acetamido and analine 
groups at each end of the molecule. It causes the two 
molecules of chelating agent coordinated to central metal 
atom, 
Isonicotinic acid phenyl hydrazide contains one 
oxygen atom and two nitrogen atoms as donor atoms. It 
acts as a bidentate ligand and form M-L„ type complexes. 
Tv/o molecules of chelating agent are coordinated to central 
metal atom through oxygen and Nitrogen (asym,) atom of 
each molecule. Two coordination sites are occupied by two 
water molecules in the Co (II), Ni (II) , Cu (II) and Fe (II) 
complexes of INAPH, 
Stereo Chemistry : 
Propane 1:3 dithioglycerol (PDTG) forms octahectral 
complexes with Cobalt (II) and Iron (III) , high spin octa-
hedral complex with nickel (II)/ distorted octahedral 
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complex with chromium (III), regular octahedral complex 
with copper (II) and tetrahedral complexes with Zinc (II), 
Cadmixim (II) and Mercury (II) , 
Methylene bis thioacetamide (MBTA) forms octahedral 
complexes with Cobalt (II) and Iron (III), distorted 
octahedral complex with Copper (II)/ spin free octahedral 
complex with manganese (II) / square planar complex with 
nickel (II) and tetrahedral complex with Zinc (II)/ 
Cadmium (II) and Mercury (II). 
0-methylene bis thioacetamido dianaline (OMBTADA) forms 
octahedral complexes with Nickel (II) , Copper (II) and 
Iron (III)/ square planar complex with Cobalt (II), and 
tetrahedral complexes with Zinc (II), Cadmium (II) and 
Mercury (II). 
Isonicotinic acid phenyl hydrazide (INAPH) forms, octa-
hedral complexes with Cobalt (II), Nickel (II), and 
Iron (II)/ distorted octahedral complex with Copper (II) 
and diamagnetic square planar complex with Palledium (II). 
Stoichiometry : 
Chelate comple:}ces of propane 1:3 dithioglycerol 
with Cobalt (II) , Nickel (II), Copper (ll), Chromium (III) , 
Iron (III) , Zinc (II) ,, Cadmium (II) and mercury (II) shows 
1;1::M:L stoichiometry. Methylene bisthioacetamide (MBTA) 
shows 1:1::M:L stoichiometry in its complexes with Iron(III), 
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Cobalt (II), Copper (II), Nickel (II) and manganese (II) 
while shows 2:l:iM:L stoichiometry in its complexes with 
Zinc (II) / Cadmliim (II) and mercury (II) . Complexes of 
0-methylene bisthioacetamidodianaline (OMBTADA) with 
Cobalt (II), Nickel (II), Copper (11)/ Iron (III), 
Zinc (II) , Cadmium (II) and mercury (II) reveal 
1:2::M:L stoichiometry. Complexes o£ isonicotinic acid 
phenyl hydrazide with Cobalt (II), Nickel (II), Copper (II), 
Iron (II) and Palladium (II) shows 1:2::M:L stoichiometry. 
CHAPTER - II 
SYNTHESIS AND CHARACTERIZATION OF PROPANE 
1:3 DITHIOGLYCEROL AND ITS COMPLEXES WITH 
COBALT (II), NICKEL (II), COPPER (II), 
CHROMIUM (III), IRON (III), ZINC (II), 
CADMIUM (II) AND MERCURY (II) 
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CHAPTER - II 
EXPERIMENTAL 
Materials and Physical Requirements : 
Thioglycerol of 98% purity (Evans Chemetics, 
New York) was used as such without further purification 
1:3-propanediamine and other chemicals v;ere of A.R. grade. 
Double distilled water* distilled ethanol were used as 
solvent in preparing solutions of metal salts and ligand. 
The pH of the solutions were determined by ELICO pH-meter 
LI-10/ India, Magnetic measurements were made on vibra-
ting sample magnetometer (VSM), Princeton Applied research 
model 155. The diffused reflectance spectra were measured 
on a Zeiss PMQ II spectrophotometer from the sample diluted 
with magnesium carbonate and I.R, spectra were obtained 
with KBr disc on a Sp-1200 I.R. spectrophotometer. 
Preparation and Purification of the Ligand : 
Propane 1:3 dithioglycerol has been prepared by 
the condensation of a amine v/ith a thiol in presence of 
cone. HCl via condensation of following type (83) 
H2C - im^ H - S - U^C - R H2C - S - H2C - R 
2 
/ 
\ 
H„C > H„C 
H^C - NH2 H - S - H^C - R H2C - S - H C - R 
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The propanedithioglycerol is prepared by mixing 
the thioglycerol (7.4 g, O.IM) and l:3-propanediamine in 
the ratio of 2:1, 22;0 g, 0o2M. The mixture is reflexed 
for two hours on waterbath. The product thus obtained is 
cooled in refrigerator and then washed with alcohol and 
ether. The ligand is soluble in water and other common 
organic solvents. It v;as dried in a vacuum desiccator 
M.P. 98°C (not sharp). The course of the reaction is as 
follows: 
CH„OH HDH2C 
I 1 
CHOH HOH C 
CHj - S -H + H2N - CH2-CH2-CK2 - NH2 + H S - CH2 
" % 
- 2NH3 
CH^OH HQH^C 
I ' I 
CHOH HOHC 
CH2 H2C 
S - CH. 
i 
'2 2 ''2 
Propane 1:3 dithioglycerol (PDTG) 
Preparation of the Complexes : 
Cobalt (II)-PDIG Complex; 
A solution of chelating agent (O.OIM) 100 ml in 
distilled water v/as added to an equimolecular solution 
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of cobalt chloride hexahydrate in water. A few drops of 
cone. NaOH solution was added to adjust the pH around 7,5. 
The resulting mixture was heated on waterbath for about 
two hours, a brown colour complex separates out. It was 
cooled, filtered and washed with water then with a mixture 
of water and ether (1:1) and dried in vacuum desiccator 
over anhydrous calcium chloride. It is insoluble in water 
and in other common organic solvents but soluble in pro-
pyleneglycol, 
Nickel (II)-PDTG Complex : 
A yellowish green solid complex was prepared by 
the same procedure as mentioned in cobalt (II)-PDTG complex 
using nickel chloride hexahydrate. The pH of the solution 
was 7.5. It is insoluble in water and other common organic 
solvents but forms suspension with propylene glycol. 
Copper (II)-PDTG Complex : 
A green colour solid complex was prepared by the 
same procedure as mentioned in Cobalt (II)-PDTG complex 
using cuprous chloridec The pH was adjusted around 7.0. 
It was soluble in D.M.I. and insoluble in other common 
organic solvents. 
Chromium (III)-PDTG Complex; 
An aqueous solution of metal chloride (2M) was 
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added to an equimolecular solution of the chelating agent 
in water. On the addition of few drops of cone, NaOH 
solution/ a dirty green colour complex separates out. The 
pH of the solution was kept around 6.5, It was digested 
on waterbath for few hours, cooled, filtered, v;ashed v/ith 
water and alcohol (1:1) then with ether and dried in 
vacuo. It was insoluble in water and other common organic 
solvents except benzene and chloroform in which it is 
partially soluble. 
Iron (III)-PDTG Complex : 
A Dark brown colour solid complex was prepared by 
the same method as that of Chromium (III)-PDTG complex 
using feric chloride. The pH of the solution was kept 
around 7,5. It's solubility was similar to that of 
chromium (III)-PDTG complex. 
Zinc (II) / Cadmium (II) and Mercury (II) Complexes 
with PDTG : 
An aqueous solution of metal acetates, 2M, 100 ml 
were mixed to the equimolecular solution of the ligand in 
watero Few drops of cone, NaOH was added to adjust the 
pH around 6,0, 7,5, and 7,0; white, light yellow and gray 
colour complexes separate out respectively. These were 
insoluble in water and in common organic solvents but 
forms suspension with propyleneglycol. 
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RESULTS AND DISCUSSION 
The given structure of new chelating agent (PDTG) 
is supported by (a) the elemental analysis, (b) the I.R. 
absorption spectrum and (c) the failure to give positive 
tests for free sulphydryl group. 
Elemental analysis : The results of carbon, hydrogen and 
sulphur analysis for the chelating agent are given in the 
table-1 and found to be in excellent agreement with those 
calculated for the above structure. 
I.R. absorption spectra : The most striking evidence for 
the above structure of the chelating agent is: (i) The 
disappearance of S-H stretching absorption band and -NH2 
stretching band in the region 2600 to 2550 cm and 3500 
to 3300 cm (Fig. 6) relative to that observed for thio-
glycerol and l:3-propane diamine, and (ii) The sharpening 
and intensifying of the C-rS. streteching in the region 
700 cm" .relative to that observed in thioglycerol. 
Sulphydryl and Amino group identification tests : 
A final piece of experimental evidence which 
confirms the structure of the above chelating agent is 
the fact that (i) The solution of the chelating agent 
fails to produce any blue colour when treated with FeCl^ 
solution (72-75), and (ii) the solution of the chelating 
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agent also fails to produce any smell of amonia when treated 
v.'ith alkali. 
Propane 1: S-dithioglycerol foriru coloured complexes 
V7ith Cobalt (II), Nickel (ll) / Copper (II), Chromium (III) 
and Iron (III), Elemental analysis and magnetic suscepti-
bility measurements of these complexes are civon in table 1, 
selected infrared spectral bands in table-3 and diffuse 
reflectance spectral data in tabic -2. Figures of diffuse 
reflectance and infrared spectra are given from fig. 1-5 
and 7-14 respectively. 
The results of elemental analysis, sulphur and metal 
estimations suggest the following compositions of the complexes. 
l.[co(CgH^.S20^)], 2.|T^ i (CgH^gS^oJ, 3.[^u (C^H^gS^O^^, 
4.["cr (CoKi8S20,J, 5.[Fe (CgH^gS^C^I, 6. [^n (CgH^gS^O^^, 
7.[cd iC^U^^S^O^J, 8. [Kg (C^H^gS^O^ll. 
These complexes are thermally quite stable and their 
decomposition temperatures range from 248 to 286 C, Insolu-
bility of these complexes in water, alcohol and most of the 
organic solvents indicate that the complexes are non-elect-
rolytic in nature. 
Cobalt (II)-PDTG Complex : 
7 2 Cobalt has an electronic configuration 3d 4S and 
7 
thus the free cobaltous ion would have 3d effective electronic 
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configuration. The Cobalt (II) ion can/ therefore, assume 
octahedral, tetrahedral, squareplanar or tetragonal stereo-
chemistry depending upon the strength of the ligand field. 
The high spin Octahedral complexes of Cobalt (II) are knovm 
to have effective magnetic moments ranging from 4,80 to 
5,60 B.M, (122) involving very high orbital contribution. 
The spin-only moment for three unpaired electrons is only 
3.89 B.Mo and the high-spin tetrahedral complexes (122) have 
magnetic moments considerably greater than the spin-only 
value, namely in the range 4,20 to 4c90 B,M. (122), The 
magnetic moment values for high spin five coordinated 
cobalt (II) complexes are known to lie in the range of tet-
rahedral complexes i.e., 4.50 to 4,80 B.M. (152), On the 
other hand, all the square-planar and the strongly tetra-
gonal ones are of the low-spin type having one unpaired 
electron. However, there is a very large orbital contribution 
to the magnetic moment so the effective magnetic moments for 
these complexes generally lie in the range 2,20 to 2,90 B.i:. 
(122), Again it is well known that six-coordinated low-spin 
complexes exhibit magnetic moment slightly higher than the 
spin only value viz, 1,90 to 2,00 B.M. (153), Our observed 
magnetic moment value 4,89 B.M. for Cobalt (II)-PDTG complex, 
table-1 is within the usual range of the reported data for 
high-spin octahedral complexes. This clearly indicates the 
octahedral nature of the complexo 
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The electronic spectriim of Cobalt (II)-PDTG complex 
as reported in fig. 1 table-2 consists two main bands at 
-1 -1 -1 
7870 cm and 19230 cm with a shoulder at 16390 cm . 
Although the complex has D^ h symmetry, the observed spectrum 
can be interpreted in terms of metal ion surrounded by a weak 
ligand field of octahedral microsymmetry. The Cobalt (II) 
4 5 2 ion has the F (t^ e ) ground state with the excited state 2g g 
4 
P lying 15B higher in energy. In a cubic crystal field, 
these levels will split into 'T^ (F), T^ (F) , ^2a^^^ ^^^ 
A 
'T. (p) in order of increasing energy. Hence for octahedral 
Co(II) complexes, three spin-allov/ed bands are expected 
corresponding to the transitions, T' (F) -^ T (F) (Y) ), 
S^g(F) -> \g(^) ("^ 2^  and ^T^g(F) -> ^T^g(P) (1^3) 
3 4 5 2 these states are obtained from t_ e and to e confi-2g g 2g g 
4 4 
gurations respectively. The transition T, (F) -^ A^ (F) 
—y y^ 
("^ 2^  i^ ^ '^'^^'^ electron process and v/ill be much weaker than 
the other transitions. The observed lowest energy band at 
7870 cm can, therefore, be assigned as ("0 ) and the strong 
•1 
band at 19230 cm" as ("^  ^) transition. To resolve the 
problem for assignment of the shoulder at 16390 cm"" , the 
ligand field parameters were calculated by the use of the 
following semiempirical equations (154). This gives the 
_1 
value of parameters D and B accurately less Lhan 5 cm 
(I) Dg = 1 9 . 
1,7 + 0.5 (D / B'-l) 
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(II) 15B = 13 3 - ^ "^ 1^ "^  1° °q +S 
T.. - ^ n. - 1-10 "^-^ -"^1 
where D' = —Q—57: / B' = 3 1 
q 9o20 j-g 
and - - °-«B'' 
^ = Dq 
To solve these e<jaations for D and B, experimental 
values of "O and"OT/ as assigned above have been used. The 
position of"0 9 transition has been calculated using the 
relation Y) ^  = ^ . + 10 D (154). The calculated value of 2 1 q 
— 1 —1 
"O „ 15740 cm" agree well v/ith the observed value of 16390 cm 
for the shoulder. 
Lever (155) has suggested that the shoulder on the 
principal band in an octahedral cobalt (II) complex in order 
to assign ("^ o) transition, must have an energy approximately 
twice but not greater than 2.20 times that of \ ) ^ transition. 
This is strictly true fox a regular octahedral molecule and 
v/ell substantiated by our calculated value of 2,08 for -r— 
^ 1 
which is in agreement v/ith other complexes of octahedral 
symraetry (154). The value of B, 0,823, indica-ces a low 
degree of covaloncy. Thus, magnetic and spectral data 
suggest octahedral symmetry of the complex. This is further 
supported by it's infrared spectral study (Fig. 1, table 3), 
Nickel (II)-PDTG Complex; 
The nickel (II) ion has an effective electronic 
Reheckahce Cl\)r\>\^raYy scale) 
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p 
configuration 3d and exhibits a magnetic morriGnt value higher 
than expected for two unpaired electrons in octahedral and 
tetrahedral complexes due to orbital contributions whereas 
its squareplanar complexes ax'c diamagnetic. The effective 
magnetic moment values rejjorted for high-srdn octahedral 
nickel (II) complexes range from 3.20 to 3.40 E.M. (131) 
and those of tetrahedral between 3»60 to 4,00 E.M. (122) 
depending upon tile magnitude of orbital contribution. The 
magnetic moment 3,82 B.M. observed in the present case, 
Table-1/ lie well in the above mentioned range of knov/n 
octahedral complexes. This clearly indicates the octahedral 
nature of the complex. 
For such a complex in octahedral symmetry three 
bands are expected in the electronic sx:>ectrum attributed 
to the transitions •^ A2 (F) -^ '^ 2^g^ ^^  C^ 3_) / ^^^2c''^^ "^ 
•^ T^ g(F) (V)^) and ^A2g(F) -> ^^Ig ^^^  ^"^  3^  • The electronic 
spectrum of Mickel (II)-PDTG complex, Fig-2 table-2 shows 
-1 ,-.A , . .... -1 three spin allowed transitions at 7690 cm" ("V-5 -) 14920 cm 
iX> ) and 23800 cm ("O^)* These bands are very much similar 
to that of the Nickel aquate {U^ i (H„0) | (156) v;hich show 
transitions at 8500 cm" ("l3^ ) , 13500 cm" (V) ) and 
25 300 cm" C^o) t suggesting the complex to be of D^h 
siinmotry. The observed electronic spectrum in the range 
-1 -1 
8000 cm to 30,000 cm can v;ell be interpreted in terms 
40 
of metal ion surrounded by a weak ligand field of micros-
ymmetry. The ligand field splitting energy, 10 D , is 
taken equal to the energy of first transition (V)^) and the 
Racah parameter, B was calculated fromV)-,/'iDo and *0 3 band 
energies using the diagonal sum rule 15B = V„+"v33-3"0^ (157) . 
The distorted octahedral structure of the complex was further 
confirmed by comparing the separation (X ) of u„ and 13 2 
bands, 8680 cm"* with those calculated value (X , ) of 
ca J.C • 
6340 cm" on the basis o£ regular octahedral symmetry.(153) 
Further, for tetragonal nickel (ll) complexes, values of 
r— are found significantly greater than the usual range 
•Ui 
for octahedral complexes and some times greater than the 
theoretical limit of 1.80 for octahedral symmetry. The 
3 3 
interaction (158) between high-spin T. (P) and T. (F) states 
gradually lovrer the ratio '-^2 from the theoretical value 
"TJI 
of I08O to cal. 1.50 to ].70 and values of about 1.60 to 
1.70 are common for Nickel (II) complexes of octahedral 
symmetry. In the present case, the -rr ratio of 1.94 is 
considerably greater than the usually accepted values for 
octahedral nickel (II) com-olex. This clearly indicates the 
distorted octahedral nature of the complex. This ctructure 
can be further supportedtyl'R. absorption spectral studies 
of the complex (fig.C, table 3). A value of B, 0.9 
cates low degree of co^ '^ alency. Thus is is suggested that 
Nickel (II) complex has hi-^ h-spin octahedral structure. 
41 
Copper (II) - PDTG Complex; 
10 1 Copper has an electronic configuration 3d 4S 
and, therefore, the free copper (II) ion would have the 
9 
effective electronic configuration of 3d , ground term 
2 
E . The spin-only moment value for tlie Copper (II) is 
1,73 B.M. Majority of Copper (II) complexes show normal 
magnetic moment of 1,75 to 2.20 BoM. (136) indicating the 
absence of any appreciable spin coupling betv/een unpaired 
electrons belonging to different copper atoms. According 
to Figgis (136)/ the magnetic moment value for tetrahedral 
is'^l.QO B,M, Whereas for squareplanar and octahedral 
Copper (II) species is <^  1,90 B«M, As the difference in 
the magnetic moment values is small, the same can not be 
used for the structural determination of Copper (II) complexes. 
On the other hand, a number of Copper (II) Complexes have been 
reported to shov/ a subnormal magnetic moment 1,73 B.M. (137) 
some Copper (ll) carboxylates (138) and the so called tri-
coordinated copper (II) complex (139) belongs to this 
category. However, the subnormal magnetic moment is not 
observed in all carboxyl group bridged polymers, e.g. 
Copper (II) benzoate trihydrate, shows a magnetic moment 
of 1,87 B,M. in spite of it's linear polymeric structure (159). 
The observed magnetic moment of 1.36 B.M. (Table-1) of 
Copper (II)-PDTG Complex includes strong spin-spin pairing 
and polymeric structure. The electronic spectrum of an 
KetlectancG( arbitrary scale J 
31 
U) 
c 
<D 
-\ (X> 
- • . 
n 
ZJ 
o 
fO 
?? 
C 
o 
CO 
CL 
ho 
O 
o i2 
D 
< 
O 
;-• CD 
§ 8 
D 
3 
00 
o 
o 
o 
o 
o o 
3 
Q" 
X 
o o o 
o 
o 
•a 
fD ho o o 
o 
43 
octahedrally coordinated Copper (II)-PDTG Complex should 
2 2 
normally exhibit absorption band due to Eg -^ T 
2 
transition. The E state is highly susceptible to John-
Teller distortion and no copper (II) -complete should have 
a regular octahedral symmetry. The distortion causes 
broadening or even splitting of the absorption bands. There-
fore/ all the six coordinated copper (II)-complexes are 
tetragonal with D.h or C,v symmetry or rhombic with C v 
symmetry. In D^h symmetry the E and T levels of the 
2 
D free ion term will further split into B- , ^ in' ^ 9 ^^^ 
E levels respectively and the energy level sequence will 
depend on the amount of the distortion (160), The observed 
-1 
band at 13330 cm fig -3, table-2 seems to exclude the 
squareplanar form/ as the squareplanar Copper (II)-complexes 
generally show two bands of nearly equal intensity correspon-
2 2 2 2 ding to the transitions B. -^ A. and B^ -> S / like 
^ ig ^ Ig Ig -^  g 
-1 -1 
the reported 15000 cm and 18000 cm bands for squareplanar 
copper (II)-bis acetylacetonate complex (150-162), Therefore 
it is suggested that the Coppe- (II)-PDTG complex has dis-
torted octahedral structure v.'hich is further supported by 
its I.R. spectral studies (fig. 9, table 3). Kence the band 
at 13 3o0 cm ' has been identified due to the transition 
9 9 " 1 
2 -> 'T and bands at 2C570 cm"^ and 35050 cm" are 
due to charae transfer. 
44 
Chromlxom (III)-PDTG Complex ; 
The Chromium (III) ion has an effective electronic 
5 
configuration of 3d and as such it should exhibit the 
paramagnetism corresponding to three unpaired electrons in 
an octahedral environment. The most of the polymeric 
Chromium (III)-thiodicarboxylate complexes show magnetic 
moment very close to spin-only value of 3,88 D.Il. in octa-
hedral stereochemistry (84,47). The observed magnetic 
moment value of 3,55 B.M, in the present case table-1 is 
considerably lov/er than the one reported above, indicating 
the presence of spin-orbit coupling within the complex formed 
but does not exclude the polymeric s1:ructure. The properties 
of the complex are quite different from those of the bivalent 
one, indicating a polymeric structure of MeLCH type complex 
sho\7ing no tendency of substitution by o-cher anions. It 
seems probable for the hydroxyl groups to act as bridges 
bet;/cen the metal atoms forming polymeric chains. This viev; 
is further supported by the magnetic moment of the Chromium 
(III) complex formed \;hicn is typical of an hydroxobridged 
pol\Tncr as v/ell as by the insolubility of the complex in all 
the comi?,on organic solvents. Further, the insolubility of 
the complex in benzene and chloroform accompanied by it's 
marlced s\;ellinG, is anorher positive evidence for the presence 
of linear chains as the predominating spccic-s with the cross 
linkage. 
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Assuming a cubic octahedral field to be present/ 
4 
the electronic ground state v/ill be A_ state arising from 
3 
the strong field configuration (t„ ) , Other states sprin-
2 2 2 
ging from this configuration ar"e Eg, T. and ^OQ* '^ he 
2 
next strong field configuration is (t„ ) (e ) / producing 
zg g 
the quartet states T and T , where the energy separa-
4 4 
tion betv/een the two lower levels, A^ and T„_ is 10 D . 
zg 2g q 
Thus, in the Chromium (III) case, the energy of the longest 
v/avelength peak should give a good approximation of the 
crystal field parameter 10 D (163). These transitions may 
be assigned as ^h^^ -> ^-2g^^^ C ^ ^ ) ; ^ g -> ^^^^(F) (O^) ; 
4 4 \ 
and A_ -^ T. (P) ( \JT) and spin forbidden transition 
4 2 A„ -^ E . The electronic spectrum of Chromium (III)-2g ^ g 
PDTG complex Fig-4 table-2 shov/s three spin allowed trans-
ition bands at 17540 cm"-'-(\^^), 23800 cm'"'''('^ 2) ^^^ 39210 cm~^ 
("^T)* "^ he transition at 15030 cm" is just the spin for-
bidden transitiono It is lilcely that the complex is of 
octahedral symrr.etryo The observed electronic spectrum in 
-1 -1 
the range 8000 cm to 40000 cm can v;ell be interpreted 
in terms of metal ion surrounded by an intermediate ligand 
field of microsymmetry. The lioand field splitting energy, 
10 D v/as taken as equal to the energy of first transi-
tion ("^ )^ and the Racah parameter, B, was calculated from 
( \J ^ ) , ("^ 2^  and('^^)banc energies using the diagonal s um 
X) 3 
rule, 15B ^^^^ - M ) ^ - 3^3^ (157). The value of .^j^^— as 
47 
found to be 2,23^ v;hich is greater than 2.2 0 a value which 
is generally accepted for regular octahedral complexes (164) 
This indicates that the complex has a tetragonal or distorted 
octahedral microsymmetr]/'. The ligand field stablizing energy 
(L.F.S.E.) calculated comes out to be 59980 Kcal/raole, The 
d 4 
spectrum also alloi;s a calculation of the, E"(P)-E( F) , term 
separation 10410 cm . This corresponds to about 83% of the 
free ion value. This structure is further supported by it' s 
I.R, absorption spectrum (fig. 10, table-3). 
Iron (III)-PDTG Complex : 
5 
Iron (III) ion has d electronic configuration and 
shows 5,70 - 6.10 B.M. magnetic moment, around the spin only 
value of 5.91 B.M. in case of spin free paramagnetic octa-
hedral complexes and 3.24 - 3.35 B.M. in case of spin paired 
octahedral complexes (151,165). Our observed magnetic moment 
5.00 B.ri. of iron (III)-PDTG complex (table-1) is lov/er than 
the reported value for spin free and greater than the paired 
octahedral complexes. However, it is ver^ ' close to the 
lov/er limit of the spin free octahedral complexes. This 
lowering in the magnetic moment may be either due to the 
formation of low spin octahedral species using lower d-
orbitals or due to strong interaction between unpaired 
electrons of different Iron atoms forming a polymeric 
structure in octahedral synrr,et.ry. Hov/cver this fact is 
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under investigation that whether the abnormality in magnetic 
moment is due to formation of low spin octahedral species or 
due to magnetic exchange. 
Octahedral symmetry of Iron (III) complex is also 
supported by diffuse reflectance spectral studies Fig-5 
table-3, v/hich shows absorption bands at 13330 cm (Yi-) 
due to ^A, (F) -> '^ T, (t^ )^ (e ) transition, 20000 cm'^CO^) Ig ^ Ig 2g g 2 
due to ^A^ (F) -> "^T )(t2J"^ (e )^ transition, 23800 cm"^ 
C^ -,) due to A. (F) -> E (t„ ) (e )" transition and band 
s Iq ' ^ q 2g g 
-1 
at 25000 cm is due to charge transfer. Th se transitions 
are analogous to octahedral complexes. 
The comparative study of infrared spectrum of Iron(III) 
PDTG complex (fig, 11/ table 3) with that of ligand revels 
that coordination takes place through the sulphur atoms for-
ming the covalent sigma bondso 
Zinc (II) / Cadmium (II) and Mercury (ll) Complexes i:ith PDTC: 
Zinc, Cadmium and mrrcury have an electronic confi-
10 2 gurarion d S . In the elements o^ lb group the fillec 
shells loose one or two d-electrons to give ions or comp-V^ xos 
in the I and II oxidation states but for grc>up II clcraents, 
thr^ rc is no evidence for oxidation states I'ighcr than tvjo. 
Therefore, all Zinc (II), Cadmium (II) and mercury (II) 
comolc:ces should be diamagnetic and \/ill have no liganc 
50 
field stablization effects owing to complete d-subshells. 
All these form stable complexes with sulphur containing 
ligands (166-168) Zinc (II), Cadmium (II) and Mercury (II)-
PDTG complexes are white, light yellow and grey in colour 
respectively, diamagnetic and insoluble in water as well as 
in common organic solvents. The I.R. spectra of these 
complexes (Fig. 12-14, table -3) indicate that in these 
metal complexes the metal ion is coordinated tetrahedrally 
through the oxygen atom of the alcoholic group and the 
sulphur atom of the ligand. 
Infrared Spectra : 
The infrared spectra of the ligand and the complexes 
-1 
were recorded in the region 4000 - 4 00 cm , The important 
I.R. absorption bands (table-3, fig,6-14) and their tentative 
assignments were obtained with reference to the spectra of 
other carboxylate complexes as v;ell as those of thio and 
amino acid complexes (169-171). In the ligand C-S stret-
-1 -1 
chine band at 760 cm and 730 cm on coordination shifted 
to the lov;er frequency showing that the coordination takes-
place through sulphur atom similar to analogous systems of 
thiopolycarboxylic metal complexes (86-96). 
_1 
The'U-OH of the primary alcohol at 1060 cm also 
shifted to the lov;er region showing that coordination takes-r 
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place through the oxygen atom of the pirimary alcoholic 
group. All the solid complexes of Cobalt (II) , Nickel (II), 
Copper (II) , Chromium (III) and Iron (III) of the formula 
ML-type has the octahedral stereochemistry. 
In the case of Zn (II), Cd (II) and Hg (II)-PDTG 
complexes, the coordination number of the metal ion could 
be four and coordinated tetrahedrally in which all the 
coordination sites could be occupied by the oxygen atoms 
of the alcoholic group and the sulphur atoms of the ligand. 
Thus in these complexes, six coordinated sites are 
occupied by sulphur atoms, and the oxygen atoms of hydroxyl 
groups. Thus, infrared spectral studies support the analysis 
and electronic spectral findings as reported above, 
CONCLUSICN 
Propane 1:3-dithioghycerol, PDTG, CQFIPQO.S , forms 
thermally quite stable coloured complexes of ML type v/ith 
Cobalt (II), Nickel (II), Copper (II), Chromium (III), 
Iron (III), Zinc (II), Cadmium (II) and mercury (II) . 
Their stuctures have been characterized on the basis of 
elemental analysis, infrared and electronic spectral 
studies. It v;as found that Cobalt (II) and Iron (III) 
forms octahedral complexes with PDTG, Nickel (II) forms 
high spin octahedral, chromium (III) forms distorted 
62 
octah- dral. Copper (II) forms regular octahodoral structure 
while Zinc (II) , Cadmium (II) and Mercury (II) forms dia-
maqnetic tetrahedral complexes v/ith PDTG. 
CHAPTER - I I I 
SYNTHESIS AND CHARACTERIZATION OF METHYLENE B I S -
THIOACETAMIDE AND ITS COMPLEXES WITH COBALT(II), 
COPPER(II) , MANGANESE(II), I R O N ( I I I ) , NICKEL(II ) , 
ZINC(II),CADMIUM{II) AND MERCURY{II). 
CHAPTER - III 63 
EXPERIMENTAL 
Materials and physical measurements : 
Methylene bis-thioacetic acid of 98% purity (Evans 
Chemetics/ New York) was used as such v/ithout further puri-
fication. Ammonia and other chemicals were of A.Ro Grade, 
Double distilled water, distilled ethyl alcohol were used 
as solvent in preparing solutions of metal salts and the 
ligand. The p:i of solutions was determined by ELICO pH-
meter LI-10 INDIA. 
The structure of the ligand and it' s complexes have 
been determined and studied on the basis of elemental ana-
lysis, I.R. spectral studies, diffuse reflectance spectral 
studies and magnetic susceptibility measurements carried 
out at CD.R.I. Lucknow, I.I.T. Delhi and Roorkee University 
Roorkee respectively. The instruments for I.R. spectrum, 
diffuse reflectance spectrum and magnetic susceptibility 
measurements were same as described in Chapter II. 
Preparation and purification of the ligand : 
Methylene bis-thioacetic acid O.lM, 100 ml was added 
to 0.2M, 100ml of ammonia. The contents were heated gently 
on the heating plate for 6 hours. The product v;as allov;ed 
to cool. A white hygroscopic solid product separates out 
after 36 hours. The product was filtered, washed with v/ater 
64 
then ether and finally with chloroform. The product thus 
obtained was dried in vacuum desiccator. The yield of 
the product was 80/i. The course of the reaction can be 
represented as below. 
S - CHr. - CO OH H NH. cu^ - corjH2 
CH, CK. 
-2H^0 
S ~ CH^ - CO OH H M-: 
'2 s - ai - C0NH2 
Methylene bis-thio-
acetamide. 
MBTA 
Preparation of the Complexes : 
Cobalt (II) MBTA Complex: 
An aqueous solution of ligand O.ln, 100 ml was 
mixed to an equimolecular solution of Cobaltchloride 
hexahydrate in water. Few drops of NaCI! solution was 
added to adjust the pH around 7,0. Dar]<; gruen colour 
complex thus prepared v/as allowed to be digesti^ d at room 
temperature for two hours then cooled and filtered. The 
solid complex so obtained was washed v;ith v/atcr and finally 
V7ith v/ater and alcohol (1:1) and dried in vacuum desiccator 
It was isoluble in water as well as in common organic 
solvents but forms suspension with propylene glycol. 
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Copper (II) MBTA Complex; 
A green colour complex v/as prepared by the same 
procedure as mentioned in Cobalt (II) MBTA complex. Using 
cuprous chloride. The pK of the solution v/as kept around 
7,5, It was insoluble in cold v;ater but soluble in warm 
water. 
Manganese (II) MBTA Complex : 
On applying the same procedure as mentioned in 
Co(II) MBTA complex using manganese chloride, a dark brown 
colour complex v/as prepared. The pK of the solution was 
kept around 9,0 with the help of cone, NaOH solution. This 
brovm complex v/as insoluble in water as well as in other 
common organic solvents but forms suspension with propylene 
glycol. 
Iron (III) MBTA Complex : 
A yellov; coloiar complex \-jas prepared by the same 
procedure as mentioned in Co(ll) MBTA complex. Using 
feric chloride as metal salt. The pH of the solution 
was kept around 3,0. The complex was insoluble in water 
and in common organic solvents but forms suspension v.'ith 
propylene glycol. 
Nickel (II) MBTA Complex : 
A dark brown colour complex separated out by the 
66 
same method as mentioned in Co(II) MBTA complex using 
Niclcel chloride. The pH was kept around 5.7. It was 
insolxable in water as well as in other common organic 
solventso 
Zinc (II) , Cadmium (II) and Mercury (II) Complexes 
with M.B.T.A. : 
An aqueous solution of metal acetates (2l>'i, 100 ml 
was added to an equimolecular solution of chelating agent 
in water. White, yellow and gray coloured complexes 
separated out on adjusting the pH at 5,6, 6.0 and 7.0 
respectively. The complexes were then digested on water-
bath for about two hours, cooled, filtered, v/ashed v;ith 
water and ether and dried in vacuiim desiccator. These 
were found to be insoluble in water and in other common 
organic solvents except acetone. 
RESULTS A^ }^ DISCUSSION 
The structure of the synthesized chelating agent 
is identified on the basis of (i) elemental analysis 
(ii) the I.R, absorption spectra, and (iii) failure to 
give positive tests for free carboxylic groups. The 
percentage of carbon, hydrogen and sulphur (table 4) on 
analysis were found to be in excellent agreement with 
those calculated for the above structure. The most striking 
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evidence for the structvire of chelating agent is (a) the 
disappearance of -OH stretching band of the cartaoxylic 
group in the region 3300 Cm to that observed for 
methylene bis-thioacetic acid, and (b) the appearance of 
a new-NHp stretching band in the region 3250 Cm (Fig.17, 
table 6), The liberation of ammonia on treating the 
solution of chelating agent with alkali, is the final 
piece of experimental evidence for the structure of 
chelating agent. 
Cobalt (II) MBTA Complex : 
The electronic configuration of Cobalt is 
7 2 7 
3d 4S . The Cobalt (II) ion containing d forms tv/o 
types of hexacoordinated complexes depending upon the 
limit of the ligand field. It forms high spin hexacoo-
rdinated complexes at the v;eak field and lov.'spin hexa-
coordinated complexes at high field limit of the ligand 
field. These two states are expected, to have comparable 
stabilities somev/here betv;een the two extremes v.'ithin a 
relatively small range of field strength (106). For the 
Cobalt (II) ion, the spin orbit coupling constant is A 
= 170 cm (172), On assumption of spin pairing, seven 
d-electrons give the configuration b^ e a^ with 
2g g Ig 
unpaired electron housed in the A orbital (S = V2)(164), 
The high spin octahedral complexes of Cobalt (II) are 
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knovm to have effective magnetic moments ranging from 
4080 - 5o70 E.M. (122) or some what lower if there is 
any distortion in the regular octahedron as reported in 
many high spin octrahedral complexes of Cobalt (II) 
(173, 174), Hov/ever/ there is a very large orbital 
contribution to the magnetic moment for squareplanar and 
tetragonal complexes of Co (ll) as such type of complexes 
are low spin type having one unpaired electron. The 
effective magnetic moment for these complexes generally 
lies in the range 2.20 to 2.90 B.M. (122). Further the 
six coordinated lov; spin complexes exhibit magnetic 
moment slightly higher than the spin only value viz 1,90 
to 2.0 B.M. (153) . 
Our observed magnetic moment, 5.60 B.i:. (Table 4) , 
lies within the usual range of the reported data for high 
spin octahedral complexes. This clearly indic-tes the 
octahedral nature of the complex. 
The theoretical development of tl^.c cjecrronic 
spectrum also lags behind for comparison (175) . The 
electronic spectrujn of Cobalt (II) MBTA com]-^ lex (Fjg.15, 
table 5) consists three main bands at 11110 cm , 
1754 0 cm and 20000 cm~ due to the transitions 
"^ T^  (F) -> *T^^(F) (\>2) respectively. The third band 
n 
-1 
observed at 38460 cm is due to charge transfer. In 
4 5 2 ground state Cobalt (II) ion has F (t _ e ) while in 
4 
the excited state p lying 15B higher m energy. In order 
4 
of increasing energy, these levels split into "T. (F), 
'^T (F) , h^ (F) and T. (P) in cubic crystal field. This 
interpretation of electronic spectrum of Cobalt (II) MBTA 
complex is in terms of the metal ion surrounded by a 
weak ligand field of microsymmetry as the complex formed 
has D h symmetrvo 
_1 
The charge transfer band observed at 384 60 cm 
is due to redistribution of electron density v/ithin a 
molecule ie, transfer of charge from ligand to metal or 
metal to ligand. For metal complexes there are often 
possibilities that charge transfer spectra extend into 
the visible region to obscured d-d transitions. The 
rule is that greater the oxidizing pov/er of the metal 
ion and the reducing power of the ligand group, lov/cr 
the energy at which the charge transfer band appear. 
The ligand field parameters (table 5) have been 
claculated using semi-empirical equations (154). D and 
B can be calculated by the use of following equations. 
^ 1 - < J (I) D 
^ 8.74 + 0,5 ( ^ q' -) 
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(II) 15 B = \3, - 2-0, + 10 D^ + S, 
where D^' - g^^O 2 
B = 1.^0^3 -^ 1 and C _ ^ ^ ^ 
16 
/- U.4b 
C = D ' 
Lever (155) has suggested that in an octahedral Co (II) 
complex the ^) transition must have an energy appro-
ximately twice but not greater than 2,20 times that of 
Y^. transition. This is well substantiated by our cal-
^ 2 
culated value for -r— ioeo/ lo578, v/hich is in good 
agreement \;ith other complexes having octahedral micro-
symmetry (154). The value of B^ 0.2.r'8 shows a lov/ degree 
of covalency. Using the values of ("\3.), ("v) ) and ( "O3) 
transitions, the ligand field stablizing energy (L.F.S.E.) 
4 A 
and E( P) - E ('F) term separation allows to be calculated 
-1 -1 
v/hich comes out to be 37996 kg mol and 4200 cm respec-
tively, 
Terrnogravimentric analysis of Co (ll) FiD'JA 
complex show5j initial weight loss at 1-^ :0-180 C correspond-
ing to two v;ator molecules (loss in v/eight, Calc.=12.55'.o, 
Found = 12o49/0 as coordinated water,, Thus the magnetic 
susceptibility, electronic spectrum, ligand field parame-
ters suggest the octahedral symmetry of the complex. This 
is further supported by it* s infrared spectral study 
(fig. 18, bio 6) . 
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Copper ( I I ) MBTA Coinplex : 
10 1 
The e l e c t r o n i c c o n f i g u r a t i o n of Copper i s 3d 4S 
2 
and/ therefore in the ground term E ^ the free Cu (II) 
ion would have the effective electronic configuration of 
3d . Figgis (136) has predicted the value of magnetic 
moment ")>-l,90 B.M. for tetrahedral and ^;^  1,90 B.K. for 
squareplanar and octahedral Cu(II) species. Due to the 
small difference between the magnetic moment values of 
tetrahedral and octahedral complexes, the same can not be 
used for the structural determination of Copper (II) 
complexes. A large number of Copper (II) complexes show 
normal magnetic moment ranging from 1,75 to 2,20 B.M,(135) 
which shows the absence of any appreciable spin coupling 
between unpaired electrons belonging to different copper 
atoms. On the other hand some Copper (II) carboxylates 
(138) and so called tricoordinated Copper (II) complexes 
(139) have been reported which show a subnormal magnetic 
moment<^1.73 B.M. (137). The spin only magnetic moment 
value for the Copper (II) is 1,75 B.M. Further Copper (II) 
acetate containing three atoms bridges of carboxylic 
group has a magnetic moment of 1,45 B.M. due to the spin-
spin interaction between Cu (II) ions. However, all the 
carboxyl group bridged polymers do not show subnormal 
magnetic moment. For example Cu (II) benzoate trihydrate 
shows a magnetic moment of 1,87 B.M. in spite of it' s 
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linear polymeric structure (142), The observed magnetic 
moment of 2.0 B.M. for Copper (II) MBTA complex (table 'I) 
suggests the octahedral stereochemistry of the complex. 
The electronic spectrum of Copper (II) MBTA complex 
(Figo 15, table 5), consists of three transition bands at 
-1 -1 -1 
18180 cm , 28985 cm and 35710 cm , The electronic 
spectra of octahedral^ ? coordinated Copper (II) complexes 
exhibit normally one absorption band due to the transition 
2 2 2 
E -^ '^9 • ^^^ "^^ •^ '^^  susceptibility of E state to 
y ^y 9 
John-Teller distortion, no Copper (II) complex should 
exhibit a regular octahedral symmetryo The distortion 
causes broadening or even splitting of the absorption band. 
For example in D_^ h symmetry of tetragonal six coordinated 
2 Cu (li) complexes, the E and T_ levels of the D free 
g ^g 
ion term further split into B^ , A. , B„ and E. levels 
Ig Ig' 2g g 
respectively and the energy level seguence v/ill depend upon 
the amount of distortion (160)o The major difference in 
the intensity of observed bands(table-5. Fig,-15) seems to 
exclude tlie squareplanar form for the complex, as the 
squareplanar Cu (II) complexes generally show two bands of 
nearly equal intensity, corresponding to the transition3, 
2 2 2 2 B. -^ A. and B. -^ E , Similar to square-planar 
Cu (II) bis-(acetylacetonate) complex which shows two 
bands at 15000 and 18000 Cm""''" (161, 162, 102), The band 
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_1 
Observed at 13180 cm has been identified as the transi-
2 2 —1 
tion E -^ T^ and other two bonds observed at 28985 cm g ^ 2g 
and 35710 cm arc due to charge transfer. These charge 
transfer bands are observed due to the redistribution of 
electron den-ity v;ithin a molecule. In metal complexes 
some times the charge transfer spectra extend into the 
visible region to o'pscured d-d transitions„ 
Tjie above discussion clearly shows that the Copper(ll) 
MBTA complex is of distorted octahedral structure. VTliich 
is further supported by its I.R. spectral studies, (fig.18/ 
table 6) » 
Manganese (II) MBTA Complex : 
Manganese (ll) ion has an effective electronic 
configuration 3d and it should exhibit paramagnetism 
corresponding to five unpaired electrons. Generally 
accepted magnetic moment value for high spin octahedral 
manganese (II) complexes ranges from 5.60 to 6.10 D.M. 
(104), liko Mn (II) thiodicarboxylates complexes having 
magnetic moment value ranging from 5o87 to 5.99 B.M. Our 
observed magnetic moment value 5,62 B.N. (table 4) corres-
ponds to the lov;er limit of the aforesaid range generally 
accepted for spinfree octahedral stereochemistry. 
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The electronic spectrum of Mn (ll)MBTA complex 
(Table 5^  Figo 16) can be interpreted in terms of metal 
ion surrounded by the weak ligand field of microsymmctry. 
similar to that of manganous aquatej Mn(H„0), | . The 
5 6 ground term of d configuration is the A. o consequently, ig 
there will be no spin allowed transitionso The transi-
tions of the spectrum are assigned from A. ground term 
to quartet excited teriUo The first tv;o bands of the 
-1 -1 
spectrum observed at 16949 cm and 20830 cm are fitted 
4 4 
to the transitions T (G) followed by T_ (G) respectively, 
(164), The assignments to the observed bands are ^IQ^^)"^ 
S^ (G) at 16949 cm"-"", ^ A. (F) -> ^T^ (G) at 20830 cm"''' 
and ^A, (F) -> ^E (G) at 24390 cm"^o The fourth band Ig ^ g 
_,]_ 
v/hich appears at 37030 cm is due to charge transfer 
observed due to the redistribution of electron density 
within a molecule i.e., transfer of charge from ligand to 
metal or metal to ligand, Racah parameter/ B, was calcu-
lated using the relation 15 B^ 'O^ -i-'O-, - 3 x) comes out to 
be 375 cm , The relation D /B = 1,10 v/as used to calcula-
te ligand field stabilization energy, D , v/hich comes out 
-1 
to be 1694 cm o On calculation Ep term separation and 
ligand filed splitting energy (L.F,S,E,) comes out to be 
-1 -1 
5 625 cm and 57934 kg mol respectively. The value of 
p, 0,436/ indicates a lov/ degree of covalencyo The values 
of ligand field parameters (table 5) are in good agreement 
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to the spin free octahedral nature of the complex. 
Thus magnetic moment value/ electronic spectrum 
and ligand field parameters calculated, suggests the spin 
free octahedral stereochemistry for the Mn(Il) MBTA complex 
which can be further supported by its I.R, spectral studies 
(fig. 19, table 6) . Thermogravimetric analysis shows v;eight 
loss at 180-200 C corresponding to tvjo v;ater molecules 
(loss in v;eight, Calc. = 12.72%, found = 12,69%) as co-
ordinated water. 
Iron (III) KBTA Complex : 
Due to the effective electronic configuration of 
5 
d the iron (III) is expected to shov; paramagnetism corres-
ponding to five unpaired electron spins in an octahedral 
environmento The spin-free Fe(IIl) complexes are knovm to 
have the magnetic moment in the range 5,70 to 6,10 B,I1. 
(104). Some octahedral iron (III) thiodicarboxylate complexes 
have been reported having magnetic moment values ranging 
from 3,24 to 3.75 B.M. (76,84), In the present case, the 
observed magnetic moment value of 3,70 B,M, (table 4) is 
quite close to the one reported above. The chemical beha-
viour of iron (III) complex is quite analogous to the 
Chromium (III) thiodicarboxylate complex, both indicates 
a polymeric sturcture of MeLOH type complex, in v/hich 
hydroxyl group acts as bridge betv/een the metal atoms. 
The magnetic moment of the ferric complex which is typical 
of an hydroxo-bridged polymer further supports the above 
view. It's negligible solubility in benzene and chloro-
form accompanied by marked swelling is another evidence for 
the presence of linear chains as 'the predominating species 
with the crosslinking only of minor importance (47). Such 
behaviour is typical of a substance containing ••.'ater in 
gaps of a polymeric structure. 
Assuming a cubic octahedral field to be present, the 
electronic ground state will be ^ , The electronic 
spectrum of Fe (III) MBTA complex (fig. 16/ table 5) shows 
three absorption bands which may be assigned as (163) 
^A^ (F) -^ '^ '^ iQ^ 2^q^  ^^ transition at 13330 cm"-'- (\)^ ) , 
A, (F) -> 'T, (t^ )''E transition at 14925 cm" and 
Ig f Ig 2g g 
^A^ (F) -> 'E^ (t2 )'''E transition at 21276 cm"-"-. The 
band at 26315 cm is due to charge transfer observed due 
to the redistribution of electron density within a molecule 
i.e., transfer of charge from ligand to metal or metal to 
ligand. A comparison of the iron (III) MBTA complex spectrum 
with that of iron (III) coordinated with six oxygen atoms 
shows a great similarity in which the calculated value of 
-1 10 D = 133 30 cm is in good agreement v;ith the value of 
10 D = 13300 cm for aquated iron (III) ion. This suggests 
that the electronic spectrum of iron (III) MBTA complex can 
81 
v/ell be interpreted in terms of metal ion surrounded by 
a v; 'ak ligand field of octahedral microsymmetry. Thus 
it is suggested that iron (III) MBTA complex possess 
octahedral stereochemistry. This octaliedral structure 
of complex can be further supported by the I.R, spectral 
studies of the complex (fig, 19, table 6), 
The therm.ogravimetric analysis of iron (III) MBTA 
complex shows initial v/eight loss at 180-2 00 C correspon-
ding to two v/ater molecules (loss in weight/ calc=7,467/o 
found = 7.40/o) as coordinated water. 
Nickel (II) MBTA Complex : 
Nickel (II) ion has electronic configuration 3d , 
It is expected that Nickel (II) ion form octahedral, 
tetrahedral or diamagnetic square planar complexes. 
However, paramagnetic square planar complex of Nickel (II) 
has also been suggested by Maki (175). The effective 
magnetic moment for high spin octahedral Ni(Il) complexes 
range from 3.20 to 3.40 BoM. (130) while that for tetra-
hedral Ni (II) complexes range from 3,60 to 4.00 B.M. 
(122), A n\imber of Ni (II) complexes with thio compounds 
v;ere found to be diamagnetic and soluble in nonaqueous 
polar solvents (130,131). The magnetic movement value 
for Ni(ll) MBTA complex has been obser\'-ed as Zero ( p. ^^.=0r0) 
(table 4), This clearly indicates diamagnetic and square 
82 
planar stereochoinistry for the complex. Its solubility in 
most of the non aqueous polar solvents also suggest square 
planar stracture for ITi (ll) MBTA complex. 
According to the view of Nyholm diamagnetic MickeKll] 
complexes arc usually red, brown or yellow, while parama-
gnetic Nickel (II) complexes are green or blue in colour. 
In present case, Ni (II) MBTA complex is of dark bro\-m in 
colour v/hich further supports the diamagnetic square planar 
structure for the complex. 
The above mentioned diamagnetic squareplanar geometry 
of the complex is further supported by its electronic 
spectrum (table 5, fig. 16) which shows three bands at 
-1 -] -1 
16660 cm , 17840 cm ' and 38 540 cm . The bands observed 
-1 -1 
at 16660 cm and 17840 cm corresponding to transitions 
1 1 1 1 A.^ -^ 2 and A. -^ A^ respectively, are the 
charecteristic bandr. of square planar stereochemistry. The 
squarex)lanar Ni(Il) complexes have been shown to have at 
the most three bands. In most of the squareplanar Mickcl(Il) 
complexes, the first band generally appears in the region 
-1 
15000 to 18000 cm while the second and third bands are 
often not observed (131,175), Squareplanar structure of 
Ni(II) MBT7^  complex is further supported by it's IcR. 
spectral studies (fig, 20, table 6). 
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Zinc (II) , Cadmium (II) and Mercxary (II) Complexes 
with MDTA : 
There is no evidence for oxidation states higher 
than tv;o for 11(b) group elementSc Therefore, all Zn(Il) , 
Cd (II) and Kg (II) complexes should be diamagnetic. The 
electronic configuration of zinc, cadmium and mercury is 
d'^ '^ S^ . Due to complete d-sub shells Zn(II) , Cd(ll) and 
Hg (II) complexes v;ill have no ligand field stabilization 
effects (104), All these form stable complexes v/ith 
sulphar containing ligands (166-168), The complexes of 
Zn(ll) , Cd (II) and Kg (II) v;ith MBTA are colourless 
solids, diamagnetic and insoluble in water as v/ell as in 
common organic solvents. The electronic spectriim of the 
complexes v;ere found practically identical V7ith that of 
the ligand. In these complexes ligand acts as a tetra-
dentate vjhich usually adopts a coordination number four 
with tetrahedral stereochemistryo The I.R. spectral 
studies of those complexes also suggests that ligand has 
been arranged in a tetrahedral mannar in these complexes 
v.'hich is further supported by their I.R. spectral studies 
(fig. 20-21, table 6) . 
Thcrmogravimetric analysis gives weight loss in 
the temperature ranging from 180-200 C corresponding to 
two water molcculrs in all these three complexes. In 
84 
Zinc (II) complex (Calc. = 10o03%, Found = lO.OO/o) , in 
cadmium (II) complex (Calc = 7,95/op Found = 7,92/o) and 
in Mercury (II) complex (Calc. = 7,7 3%, Found = 5.71%) 
as coordinated v/atero 
INFRARED SPECTRA : 
The infrared spectra of the ligand and the complexes 
were recorded in the region 4 000 to 4 00 cm*" . The impor-
tant I.R. absorption bands and their ten'cative assignments 
given in table-6/ fig,-17-21 v/ere obtained \/ith reference 
to the spectra of the other carboxylate compl :xes as v/ell 
as those for of thio and_amino acid complexes (166-169), 
The comperative study of spectra of ligand and the complexes 
shov;s that stretching frequency in the ligand at 
6S0 and 760 cm is shifted to lov/er frequency in the 
complexes showing that coordination talccsplace through 
sulphur atom similar to analogous systems of thiopoly-
carboxylic metal chelates (86-98,166-169) . " O - N K ^ at 
-1 
-^ 350 cm m the ligand also shifted to the lov;cr fre-
quency in the complex shov/ing that deprotinarion takes-
place during complex formationc Strong banc's in the 
region 835 to 940 cm in the complexes of Iron (III) / 
Cobalt (II)/ Manganege (II) , Zinc (ll), Cadmium (II) 
and Mercury (II) complexes of MBTA show the presence of 
coordinated v/ater molecule in these complexes. 
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CONCLUSION 
Methylene bis-thioacetamide forms stable coloured 
complexes v/ith Cobalt (II) / Copper (II) , Manganese (II) , 
Nickel (II) and Iron (III) of 1:1:M:L type and stable 
colourless complexes v;it.h Zinc (II) , Cadmium (II) and 
Mercury (II) com-^ lcxos of 2:1:M:L type. The structures 
of these complexes have been characterized on the basis of 
elemental analysis, magnetic susceptibility measurements. 
Infrared and diffuse reflactance spectral studies. It 
is suggested that Cobalt (II) forms octahedral complex. 
Copper (II) forms distorted octahedral complex, Manganese(Il) 
forms spin free octahedral complex. Iron (III) forms octa-
hedral complex. Nickel (ll) forms squareplanar complex v;ith 
M3TA v;hile Zinc (II) , Cadmixim (II) and Mercury (II) forms 
tetrahedral comDlexes with MBTA. 
CHAPTER - IV 
SYNTHESIS AND CHARACTERIZATION OF ORTHOMETHYLENE 
BISTHIOACETAMIDODIANALINE AND ITS COMPLEXES WITH 
COBAL(II), NICKEL(II). COPPER(II), IRON(III), 
ZINC(II), CADMIUM(II) AND MERCURY{II). 
CHAPTER - IV 
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EXPERIMEHTAL 
Materials and Physical meaGuremonts ; 
Methylene bis-thioacctic acid of 9Q% purity (Evans 
Chemetics, New York) v;as used Qs such v/ithout furthor puri-
fication orthophenylene diamine and other chr^ micals used 
v/ere of Anala R and chemically pure grade. Double distilled 
v/ater, distilled ethanol v;ere used to prepare the solutions 
of ligand and metal salts. The pH of the solutions was 
determined by ELICC pH-meter LI-10 India, 
The structure of the ligand and its complexes have 
been determined and studied on the basis of elemental 
analysis/ I,R, spectral studies, magnetic susceptibility 
measurements and diffuse reflectance spectral studies. The 
I.R, spectra v;ere obtained v/ith KEr disc or nujol mull on a 
Sp-1200 I.R. spectrophotometer and diffuse reflectance 
spectra were measured on a zeiss PKQII spectrophotometer 
from the sample diluted with magnesium carbonate. Magnetic 
susceptibility measurcmcn-LS \'ere made on vibrating sample 
magnetometer (VSli) Princeton Applied research model-155. 
The methods of the quantitative analysis ol different metals 
and suiphur in the complexes are given in Chapter VI The 
molecular v;eights of the complexes were determined crys-
ccpically. A standard reflexing apparatus with standard 
joints was used. 
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Preparation and purification of the ligand : 
Aqueous solutions of methylene bis-thioactic acid 
9,8 g (1 M) ano orthophenylene diamine 5.3 g (1 M) in 
50 cc» were mixed together with stirring. 5 ml of NaOH 
solution v/as added to adjust the pH arounci 10, The resul-
ting mixture was reflexed for 8 hours at 170 C. On cooling 
a white product gets solidified. The solid product thus 
obtained was washed \iith ;7ater then wit?) alcohol and ether 
(1:1). It ;;a3 dried in a vacuum disiccator. The ligand 
thus prepared was soluble in water and other organic sol-
vents. The course of the reaction may be submerized as 
below. It is suggested that the name of the chelating agent 
is orthomethylenebisthioacetamidodianaline (0MBTADA(176). 
- CK2 - COCH 
mi. 
" " " \ ^ 
a-L + 
au - cccH 
cciin 
^ /y 
" " 2 
CH, 
CK, COHIT 
C r t h i o m c t h v l c n e b i s t h i o a c e t a m i d o d i a n a l i n e (OIIBTAEA) 
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Preparation of the complexes : 
Cobalt (II) -OMBTADA Complex; 
Cobalt (II) CMBTABA com ^ Icx i-'as prepared by adding an 
aqueous solution of chelating agent (.1 M, 100 ml) to equi-
molecular solution of cobalt nitrate in v;ater. The pH v/as 
hopt around 5,0 by adding fev/ drops of cone, NaOFI solution. 
The resulting mixture v/as heated on a water bath for some 
time so as to obtained a dark brownish colour complex. It 
Mas cooled/ filtered and \jashed with distilled v/ater, and 
finally \;ith alcohol anc? ether (1:1), The complex was dried 
in vacuum desiccator over anhydrous calcium chloride. It 
\;aG insoluble in v/ater and in common organic solvents. 
Nickel (ll)-cri3TADA Complex: 
The Gquimolecular aqueous solutions of ligand and 
nicjcel nitrate v/as mixed together. A dirty green colour 
complex precipiratec out on adjusting the pK around 9,5 with 
thi^  help of cone. IJaOH solution. The dirty green precipi-
tate thus obtained '^as digested on \'ater bath for fev; hours 
then cooled and filtered. After -.-ashing with water, alcohol 
and ether, the cora ilex \.'as dried i.i vacuum disiccator over 
anhydrone calcium cl loj-ide. It \/as insoluble in water and 
in common organic solvents, but soluble in propylene glycol. 
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Copper (II)-0MI3TADA Complex! 
A green colour solid corTT; lex was px'epared by the same 
procedure as mentioned in Cobalt (II) OMETADA complex using 
copper nitra'c. The pll was adjusted around 6o0 v/ith the 
help of conco NaCi: solutiono The prepared complexes v;as 
insoluble in wetor and in common organic solvents, but 
forms susx^ention v/ith propylene glycol. 
Iron (III)-OIIBTADA Complex : 
An equimolecular aqu'^ous solution of chelating agent 
V7as mixed to equimolecular solution of ferric chloride in 
v/ater. The pti v.'as adjusted around 6.0 with the help of 
cone. NaOIi solution, A brov/n colour complex precipitated 
out v/hich v:as filtered washed v;ith v.'ater, then alcohol and 
ether (1:1) and dried in vacuum disiccator over anhydrous 
calcium chloride. It \/as insoluble in water and in common 
organic solvents but soluble in D.K.F. 
Zinc (II) -01 lETADi-- C omp 1 ex : 
An standard aqueous solution of zinc nitrate hexa-
hydrate was rai::cd to an equimolecular solution of chelating 
agent. Few drops of cone. llaOII solution was added to 
adjust the pPi around 6,5, A dirty yellow colour complex 
precipitated out xihich v/as filtered, washed with water and 
ethanol + ether (1:1) and dried in a vacuum desiccator over 
anhydrous calcium chloride. It '..'as insoluble in \;ater and 
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in common organic solvents but forms suspension with pro-
pylene glycol. 
Cadmium (11)-GriBTADA Complex : 
A light gray colour complex separai:ed out by using 
the same procedure as mentioned in Zinc (II) OI-:BTADA 
complex using cadmium chloride around the pH 6.0, It's 
solubility v;as similar to that of Zinc (II) OMDTADA complex, 
Mercury (Il)-OHBTADA Complex : 
A dirty orange colour complex v/as prepared by the 
same method as mentioned in Zinc (II)-OMBTADA complex using 
mercuric chloride around the pH 6,0. It was insoluble in 
water and in common organic solvents but forms suspcntion 
with propylene glycol, 
RESULTS AMD DISCUSSION 
The structure of synthesized chelating agent is 
identified on the basis of clomental analysis, I.R. absorp-
tion spectral studies and failure to give positive tests 
for free cerboxylic groups. The percentage of carbon, 
hydrogen and sulphur found after analysis v/ere in excellent 
agreement with those calculated for the above structure 
(ta;;lc-7). A comparative study of I.R. spectra of lirand 
and reactants ie, methylene bis thioacetic acid and ortho-
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phenylenediamine gives a strilcing ovidencc for the given 
structure of the chelating agent. This 3hov7S that 
(i)Y)CO-OH stretching band in the region 332 0 cm observed 
in methylene bio thioacetic acid, disappears in the ligand 
and (ii) A nev; stretching band of "OCO-NH at 3460 cm 
appears in the spectrum of ligand (fig. 24, table 9). 
Finally the solution of chelating agent faiIs to give any 
positive test for free carborylic groups. This is a good 
experimental evidence for the given structure of the che-
lating agent. 
Orthomethylene bisthioacetamidodianaline contains 
two thio and four nitrogen atoms as potential donors, and 
therefore is capable of combining in various polydentate 
modes. It is noted here,, that sulphur is not coordinated 
in the complexes most probably due to steric hinderance, 
caused by the presence of large bulky orthoaraidoanaline 
groups at each end of the molecule. The chelating agent 
forms coloured complexes \.'ith Co (ll) , I'i (II) , Cu (ll) , 
Fe (III) , of I;L„ type. The results of elemental analysis 
(table 7), metal and sulphur" estimation suggest the presence 
of t\;o molecules of the ligand attached ;7ith a single atom 
of metal. The high decomposition temperatures (table 7) of 
these complexes sho\. that they are tharmally craite stable. 
Insolubility of these complex.cs in ;^atcr, alcohol and in 
most of the common organic solvents indicate tha-c the 
complexes arc non eloctrolycic in nature. 
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Cobalt (II)-OMETADA Complex : 
7 ^ The cobalt has an electronic configuration 3d 4C . 
It forms high spin hexacoordinated complexes at the weak 
field limit and lov; spin hexacoordinated complo::es at the 
hich field limit of thr ligand field. It has boon reported 
4 
that high-spin octahedral complex ( T ground term) exhibite 
magneticmoment of about S.20 BM at 300 °K (122). This value 
of magnetic moment may be somewhat lov^ er if there is any 
distortion in the regular octahedron as reported in many 
high-spin octahedral complexes of Co(ll) (173^174). There 
is a ver\^  large orbital contribution to the magnetic mome-
nts for square-planar and tetragonal cobalt (II) complexes, 
as they are of the lo;;-spin type having one unpaired elec-
tron, Hov/ever, the effective magnetic moments for these 
complexes generally lie in the range 2,20 to 2,90 B,M. 
(122). Further, it has also been noted that six coordina-
ted lo\7-spin complexes oxh.ibit magnetic momcn-c value slightly 
higher than the spin only value viz, 1,90 uo 2.00 E.M. (153). 
The observed magnetic moment value in the present case is 
1.46 B.Il. reported in table-7. This value of magnetic 
moment is quite lo\7er than thai: reported for octahedral and 
squareplanar complexes of cobalt (II). The spin orbit 
coupling constant {A) for Cobalt (II) ion is 170 cm (172), 
On the spin pairing assumption seven d-elcctrons give the 
4 1 
g ig 
configuration b„ e a. , v/ith one unpa.ir^ d^ electron housed 
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in the A^ orbital (S = 1/2) (164), The lowering in mag-
netic moment in the present case is due tc X -bonding 
effect. Therefore, the simple crystal field picture, is 
expected to break down suggesting the squareplanar stereo-
chemistry for cobalt (ll)-CMBTALA complex. It is also 
supported by the view of Nyholm, According to the viov? of 
Nyholm (130,131), the double bonding betv/een the ligand 
atom and the metal atom is an imi ortant factor favouring 
the square-planar configuration. The two strong JC -bonds 
can be formed at right angles, using 3d electron pairs of 
a transition metal and vacant p or d-orbitals of the ligand 
atom. Thus, the ligands containing atoms or groups are 
capable of forming double bonds with metal atom. For 
example sulphur as a donor atom of the ligand form square-
planar complexes with bivalent nickel and cobalt atoms. 
Therefore, it is suggested that cobalt (II)-01-!E'rADA complex 
possesses squareplanar stereochemistry. The seven electrons 
of Co (II) would be distributed as: 2 in the d 2 o3:])ital, 
4 in the d , d deoenerate sot; and finall-^ one electron 
xy I'Z ' 
in the d orbital. This sinalc electron in the d orbital 
xy - .xy 
is alone rorponsible for the magnetic properties of the 
complex-formed. The magnetic moment should correspond to 
the spin only value for unpaired electron spin multiplied 
by a factor of 1 -!- (~ ) , v/herc A is the single electron 
spin orbit coupling constant, and D^is the separation between 
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the d orbital and it's nciglibouring levels, r.ov;cver/ 
this effect is sufficient to account for momcntG of only 
about lO/o above the spin-only value i.e., up to about 
2,0 B.K. This impossition of the ligand clearly indicates 
the squareplanar structure of the complex. 
The squareplanar stereochemistry of the complex has 
also been suggested by the electronic spectrura of Co (II)-
OMBTADA complex (fig. 22^ table 8), v;hich shows only one 
broad band at 19420 cm due to the transition "T, (F) — 
/. , , 
T (P) . The order of the energy levels v;as deduced from 
a simple point, charge model (153). The I.R. spectral 
studies of the complex (fig 25, table 9) also supports this 
structure. 
The thermogravimetric analysis of Co (II)-OMBTADA 
complex shows initial weight loss at 180-200 C corresp-
onding to two water molecules (loss in v/eight, calc = 4,275°-
found = 4,24?ias coordinated v/ater. 
Nickel (II)-OMBTADA Complex : 
The effective electronic configuration of ITickeKlI) 
p. 
ion is 3d , and is expected to form octahedral, tetrahedral 
or diamagnetic square-planar complexes. Mov/ever paramagnetic 
square-planar complexes are also possible as suggested by 
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Maki (177). Available elfactive magnetic moment data 
reported for Ni (II) complexes indicates that high spin 
octahedral Hi (ll) complexes have been reported to have 
magnetic moment value ranges from 2,80 to 3,50 BoM.(130). 
A range of effective magnetic moment from 3.60 to 4,00 
B.M. has been reported for tetrahedral Nickel (II) 
complexes. The diamagnetic square-planar complexes of 
Nickel (II; with thiols were usually reported (130/131). 
Cur observed magnetic moment 2.86 B.M, for Ni (II)-OMBTADA 
complex (table 7) is very close to the lov/er limit of 
known octahedral complexes, indicating the octahedral 
nature of the complex. 
The electronic spectrum of the complex (fig 22, 
••--able 8) also suggests the octahedral strereochemistry for 
Ni (II)-CM2TAE'A complex. It has beem reported that a 
large number of Niclcel (II) -octahedral comple:ccs shov/s 
three spin-allov/ed bands in the region, 3000 to 13000 cm "", 
15000 to 19000 cm" and 25000 to 29000 cm""" corresponding 
3 3 3 ^ to the transitions A_ -> T (F) , A_ -> ""T. (F) and 2g '^  2g ' 2g '^  Ig 
A„ -^ T (P) / respectively. In case of sc^uare-planar 
Ni (II) complexes, at the most three bands have been 
obsorvcc. The first band generally appears in the region 
-1 -1 
15000 cm to 18000 cm \7hile -che second and third bands 
are often not observed (131, 17C). The observed bands at 
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8365 cm"''", 15180 cm""^  and 25990 cm" in the electronic 
spectrum of Ni (ll)-OMBTADA complex are quite similar to 
the octahedral Ni (II) complexes. The bands at 35210 cm 
_1 
and 3 64 30 cm are due to charge transfer. The appearance 
of charge transfer bands in the visible region has also 
been reported in many Ni (II) complexes. Transitions for 
observed bands in present case may be assigned as; 
^^g -> "^ T2g(F) (-O^ ) at 8365 cm"\ ^A^^ -^ ^^Ig^^^ ^ "^2^ 
at 15180 cm"^ and ^A2 -> ^T^ (P) (-03) at 25990 cm""^ . 
The above mentioned bands in this complex are quite similar 
to those of nickel aquate<, I Ni(H20)J^ (156), which shows 
transitions at 8500 cm" ("O ) , 13500 cm ("U„) and 
-1 
25300 cm ("^3)• The observed electronic spectrum recorded 
-1 -1 
in the region 8000 cm to 30,000 cm can well be inter-
preted in terms of metal ion surrounded by a weak ligand 
field of microsymmetry. The energy of first transition 
("L) ) is taken as ligand field splitting energy, 10 D . 
Racah parameter B was calculated from *v) ^  / "Oo and -Oo band 
energies usin';' the diagonal sum rule: 15B ='0„+\3-> - 3'£i. 
(157). The value of\}^/'0.^ for Mi (II) complexes of 
octahedral symmetry was reported about 1,60 to 1,70, In 
the present case, the '\S)2^'^i ratio is characteristic of 
the distorted octahedral Ni (II) complex species, 'The 
ligand field stabilization energy (L.F.S.E.) comes out to 
-1 be 28590 kg mole and ^p term separation comes out to be 
16065, on calculation. 
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Therefore ligand firlcl parameters and magnetic 
moment con.-f^ irmc the octahedral stereochemistry for the 
complex v/hich can be further supported by it' s loR. 
absorption studies (fig 25/ table 9). 
Copper (II)-OMBTADA Complex : 
The free copper (II) ion would have the effective 
9 "^  
electronic configuration 3d , ground term Eg, The effec-
tive magnetic moment value f_ives no exact information 
regardino' geometry of the Cu (ll) complexes because the 
predicted difference bctv;een the magnetic moment values 
for octahedral and tetrahcdral Cu (II) complexes are small. 
The predicted value of magnetic moment for tetrahedral 
Cu (II) complexes is ^ 1,90 and for octahedral and square-
planar Cu (II) complexes is <^ 1,90 B.M. reported by 
Figgis (136). Generally copper (II) complexes shov; normal 
magnetic moment of 1.75 to 2.20 B.M. (135)/\vhich indicates 
that any aj prcciairle spin-ccupling betv/een unpaired elec-
trons of different coi:>per atoms is absent. The spin-only 
magnetic moment value for Cu (ll) is 1,75 E,M. On the 
other hand some Tricoordinated copper (ll) complexes and 
some copper (ll) carboxylatcc are knovm to have a subnormal 
magnetic moment <:^  1,73 E.I-I. (137-139), Further Cu (II)-
acctato containing three atoms bridges of carboxylic 
group has a magnetic moment of 1.43 B.M. due to the spin-
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spin interaction betvjGGin Cu (II) ions. Co per (II)-ben:'-oat(. 
triliydrato, shovjs a magnetic moment of l.CV B.M. in spite 
of it's linear polymeric structure (158). The observed 
effective magnetic moment value 1,90 for Cu (II)-OriBTADA 
complex (table 7) suggested it to be paramagnetic» The 
contribution to paramagnetism in each complex v;as more than 
one unpaired electron spin equivalent but less than tv.'o. 
This discrepancy may be explained due to orbital contribu-
tion and distortion of octahedral structures to square-
2 
planar oncs^ leading to d sp hybridization. 
The electronic spectrum of Cu (II)-GMETADA complex 
(fig. 23, table 3) is quite similar to those of octahedral 
coi-per (II) complexes as reported earlier. The electronic 
spectra of octahedrally coordinated copper (II) comple;:es 
exhibit normally one absorption band due to tl"ie transition 
2 2 Eci -^ T„ , A similar tvoe of absorption band is obser-
/ 2g -'- ^ 
ved in '^res- nt case at 14600 cm due to ^D -^ ^T„ 
a 2g 
J- ,--ransiticn. The square-planar Cu (Ii) conpl-,::Gs genera] ly 
shov; tv/o lends of nearly equal intensity corrceponcing 
2 2 2 2_ 
to the transitions C^_-> A and B. -> 2 lilce the 
square-planar bis (acetylacctcnato) - Cu (II)-complex: \.'hich 
-1 -1 
shows t\:o bands at 15000 cm " and 18000 cm . The presence 
-1 
of single band at 14660 cm in present case c-::clude th--
sour r -planer structu.-^ e and suggests the octahedral 
109 
stcr. ocli^ 'inistry for the comolox. It also exclude the 
discortion because distortion causes broadening or even 
splitting of the single absorption banc but there is no 
such typ^, of splittincj of the aforesaid absorption band. 
The I.R. absorption studios of the complex (fig. 26, table 9) 
also supports thr octahedral nature of the complex^ 
Iron (lIl)-OnBTADA Complex : 
Iron (III) ion has an effective electronic configu-
ration d , In octahedral environment Fc (III) ion is 
expected to shov; paramagnetism corresponding to five un-
paired electrons present in it's last orbital. There is a 
large contribution of magnetic moment value in predicting 
the structure of Fe (III) complexes. The spin-free iron (III) 
complexes are Icnown to have 5.70 to 6.10 E,:i. range of 
magnetic moment value (104) « Some of the thicdicarbo:>:ylates 
of Iron (III) are known to have effective magnetic moment 
value ranges from 3.24 to 3.35 BoM. in octahedral symmetry. 
(84,47). The observed magnetic moment value 3.53 (table 7) 
in prescm: case is quite close to the higher limit of 
octahedral Fe (ill) thiodicarboxylate complexes, suggesting 
the complex to be of octahedral symmetry. It's insolubility 
in bon::cnc and chloroform accompanied >y marked swelling 
exhibits the presence of lin-ar chains as the predomineiting 
species i:ith t?ie cross linkage. 
no 
The electronic spectrum of Fe (III) OMBTADA complex 
suggests the cubic octahedral field to be present in the 
molecule. Five absorption bands are, observed in the spoctrum 
-1 -1 
of the complex (fig. 23, table 8) at 13930 cm , 14890 cm ~, 
18220 cm""^ , 22638 cm""^  and 25345 cm"'^ . The band at 14890 cm~~ 
is due to the splitting of "O transition ie, A (F) -^ 
'^Ig^S^'^V '"^ ° '''ig^ ^^  -> '^ 2g^ 2^g^ '(V '"^ ^^ ^ ^ "^  "^"^^ 
-1 
band observed at 25345 cm is due to the charge transfer. 
The appearance of charge transfer bapd in the visible region 
has been reported in many Fc (III) complexes of octahedral 
symmetry. The assignments to the \3-, / \}y and "\3 T transitions 
may be aiven as: ^A, (?) -> \ , (t_ ) 'e ("Oj at 13930 cm"-'", 
Ig '^  Ig 2g g 1 
^A^g(F) -> %g(t2g)"^ ^ V ^ ^ " ^ 2 ^ ^^ ^^2^° """^'^ ^'^'^ \g^^^~^ 
^E (t.J^(e^)^(\^J at 2263P cm"^. 
u ^g g J 
Ligand field paramc-ccrs were calculated (-cable 8) 
and found to be in agreement \/ith octahedral symmetry, 
Ligand field splitting cnerg (10 D ) is taken equal to the 
V ) , transition to calculate the D v/hich comes out to be 1 q 
-1 
139 3 cm . Racah parameter B, and Epterm separation comes 
-1 
out to be 621 cm / and 9315 on calculation. Ratio of 
"^o/"0i transion 1.307, and ligand field rtablization 
energy 47640 cm , are calculated. The octahedral nature 
of the com'^  le:: is also supported by its I.R. absorption 
studies (figc 26, table 9), The thermogravimctric analysis 
I l l 
of the complex shov/s initial weight loss at lSO-200 C 
corrc-ponding to tv/o v;ater molecules (loss in v.'eight^  
C Q I C = 4,28%, found = 4,27%) as coordinated water. 
Zinc (IJ), Cadmium (II) and Mercury (II) Complexes with 
OMBT/'JDA : 
10 2 
The lib group elements have d S electronic con-
figuration. The elcm.ents of lib group ie. Zinc, Cadmium 
and Kercury show oxidation state only tv/o. There is no 
evidence of oxidation states higher than tv/o for these 
complexes. Hence Zn (II) , Cd (II) and Hg (II) complexes 
v/ill have no ligand field stablization effects owing to 
complete d-subshells (104), Therefore all Zn (ll) , Cd (II) 
and Kc (ii)OMBTADA complexes should be diamagnetic v/ith 
tetrahcdral stereochemistry. 
The di:^fuse reflectance spectra of Zinc (II) , 
Cadmium (ll) and Mercury (ll) complexes with-OMBTADA 
shews no transition bands. Since the ligand is acting as 
a tocraccntate in its com.j)lexes, v/ith Zn (II) , Cd (ll) 
and Kg (II) , v/hich usually adopt a coordination number 
four '«;ith tetrahedral stereochemistry. 
The decomposition temperatures and solubility of 
these complexes (table 7) clearly showc that the ligand in 
these complexes .... p."T.D' 
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has been arranged in a tetrahedral manner. Thus elemental 
analysis, sulphur and metal estimation, electronic spec-
trum suggests diamagnotic tetrahedral structures for these 
complGxes, ;Vhich are further supported by thpir I.Re absor-
ption studies (fig, 27, table 9). 
Thermogravimetric analysis of these complexes gives 
v;eight loss in the temperature range (180-200 C) corres-
ponding to two water molecules as coordinated \.'aterT VJeight 
loss in 2n (II) complex is (Cal, = 4,23%, found = 4,20/o) , 
in Cd (II) complex is (Cal. = 4.0/o, found = 4.1%) and in 
Hg (II) complex is (Calc, = 3.65% found = 3,63%). 
INFRA RED SPECTRA : 
The infrared spectra of the ligand and the complexes 
-1 
were recorded in the region 4000 to 400 cm . The recorded 
I.R. absorption bands and '-heir tentative assignments v/ere 
interpreted v-dth ref or' nee to the spectra of other car-
boxylate complexes as i;cll as those of thio and amino acid 
complexes (166-169). The im-oortant I.R. absorp-cion bands 
and t'reir tentative assignments are given in table 9, 
fig. 24-27. The comperision of these spectra v/ith those 
of thio and amino acid ccrTClcxes, it is observed that 
there is no shifting of V>C-S strccching frequency in the 
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1 1 4 
spectra of complexes from the spectrum of licjand. This 
shows that coordina iiion does not takcplaco through sulphur 
atom/ unlike thiopolycarbroiylic metal chelates (86-96, 
166-169) in v/hich "XJC-S strctchinq banels shifted to lower 
frequency in the spectra of complexes-showing the coor-
dination through sulphur atom. The CO-llhl band at 
-1 
35C0 cm observed in the ligand shifted to the lower 
frequency in the complexes from 3370 to 3390 cm showing 
that coordination takesplace through nitrogen atom of 
CO-I-^ I group. The strong bands observed in the region 
-1 -1 
830 cm to 890 cm in the complexes of Cobalt (II)/ 
Iron (III), Zinc (II), Cadmium (ll) and Mercury (II) 
complexes of OMBTADA shov; the presence of coordinated v/ater 
molecule in these complexes. Some nev; bands which apj^eared 
at lo\7 frequencies (470-530 cm ) in the spectra of the 
comple::es v;erc probably due to metal nitroc en bond vibra-
tion frequencies. The linkage of metal to nitrogen (M-n) 
-1 
v;erc assigned at 520 to 490 cm by the various scientists 
(177) for identical ligand sites. 
Thus the study of I.R, absorption spectra supports 
the conclusion of magnetic moment value, diffuse reflactance 
spectra, and lie and field parameters for the complexes of 
CMB'JALA. 
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CONCLUSION 
From the above discussion it is suggested that 
Orthomethylene bisthioacetamido dianaline forms stable 
coloured complexes with Cobalt (II)/ Nickel (II)/ Coryer (II), 
Iron (ill)/ Zinc (II)/ Cadmium (II) and Mercury (ll) of 
1:2:M:L type. The Cobalt (ll) forms squaroplanar complex. 
Nickel (II), Co per (II) and Iron (III) forms octahedral 
complexes, \/hile Zinc (ll) / Cadmium (II) and Mercury (II) 
forms diamagnetic tetrahedral complexes \7ith OMBTADA, 
CHAPTER - V 
SYNTHESIS AND CHARACTERIZATION OF ISONICOTINIC-
ACID PHENYLHYDRAZIDE AND ITS COMPLEXES WITH 
COBALT(II), NICKELdl), COPPER(II), IRON(IlJ 
AND PALLADIUM(II). 
CHAPTER - V 1 20 
EXPERIMENTAL 
Hatcrials and Physical Measurements : 
Isonicotinic acid and phenyl hydrazine of A.R, Grade 
were used v/ithout further purification. The metal sulphatec 
ie, CoS0^.7K20, NiSO^^o6H20, CuS0^.5H20, FeS0^.5K20 and metal 
chloride ie, PdCl„ used in the preparation of complexes were 
of A.M. Grade. Double distilled water and distilled ethanol 
were used in preparing tine solutions of metal salts and 
ligand. The pK of solutions were determined by SLICC pll-
meter LI-10 India and other physical measurements v;ere made 
on the same instruments as mentioned in previous chapters, 
FREPAI'ATILIT AMD PURIFICATION OF THE LIGALTD : 
The ,01M solution of isonicotinic acid was prepared 
in ethanol and treated with equimolecular solution of phenyl 
hydrazine in the ratio 1:1, The resulting mixture was then 
Q 
roflexed for three hours at a constant temperature of 180 C 
using an airtight rcflcr.ing apperatus. A solid crystalinc 
producl: v/as prepared when mixture v;a3 cooled at Room tem-
perature. The product thus prepared was filtci-ed, v/ashed 
\;ith cold v.'atcr then hot v/atcr and dried in a vacuum desi-
ccator K.i. 190^ 0^. The course of the reaction can be repre-
sented bv the follo\;inr reacr^ion. 
121 
Z^ %COOH + HHN - NH - <C /> ~ ^ \ _ _ / C 0 -HN - NH- <^ // 
P:::jrAR/\TION OF THE COriI'LErvES : 
Cobalt (II)-INAPH Complex : 
The ethanolic solution of ligand (,02M) was treated 
v/ith .OlM aqueous solution of Cobalt sulphate (CoS0.,7H^0) 
in the ratio 2:1. The resulting mixture was then heated on 
v;ater bath for tv;o hours. On adjusting the pH around 3,5/ 
a crystalline pinJvish yellow colour complex v;as separates 
out. The complex thus formed was filtered/ v/ashed with 
v/atcr and finally with a mixture of alcohol and ether (1:1) 
and dried in a vacuum desiccator. 
Nickel (II) / Copper (II) and Iron (ll) complexes with iriAPH: 
The blue/ dirty green and brov;nish yollov; coloured 
complexes V7crc prepared by the same procedure as mentioned 
in Cobalt (II)-IICAPK complex/ using Miclcel sulphatc 
(EiS0^.6H„0) / Copper sulphate (CuSO^.SF^O) and Iron sulphate 
(FeS0..7H^0) respectively. The pH of the solutions v;ere 
kept around 3.5/ 4o5 and ''',0 respectively. ~' 
122 
PaJladium (Il)-IITAPII Complex : 
An Gthanolic solution of ligand (.02M) v/as treated 
with ,01M ethanolic soluticn of Palladium cliloride (PdCl„) , 
Tho resulting mi:':turG Mas then heated on v;ater bath for 
one hour. Cn cooling the mirture a yellov; colour complex 
v/ac prepared around the pll 3,0, VJliich v;as then filtered, 
v;ashec \jxth ethanol and dried in a vacuum desiccator, 
REStXTC AHD DISCUSSION 
The proposed structure of chelating agent is supported 
by elemental analysis, I.R. absorption spectral studies and 
failure to give positive test for free carboxylic group. 
The results of carbon/ hydrogen and nitrogen analysis for 
the ligand, given in table-10 are in good agreement v?ith 
those calculated for the above structure. 
In the I,R. spectrum of ligand, disappearance of 
"V-J-CCOH stretching band at 1710 cm "^  observed in isoni-
•1 
cotinic acid and'^-lal^ stretching band at 3450 cm 
observed in phenylhydra::inc, shows that condensation ta]ces-
place between -COOH group of isonicotinic acid and -LT-I^, 
group of phenyl hydrazine. The appearance of a nev; 
— 1 
"0 (C-K) stretching at 1480 cm also supports the above 
mentioned structure of isonicotinic acid phenylhydrazide. 
F-.ilurc to give positive tests for free carboxylic group. 
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is a good experimental evidence for the given structure 
of chelating agent. 
Cobalt (II)-INAPH Complex : 
7 2 
Coblat has an electronic configuration 3d 4S and 
7 
thus the free cobaltous ion would have 3d effective 
electronic configuration. The Cobalt (II) ion can, there-
fore, assume octahedral, tetrahcdral,squareplanar or tetra-
gonal stereochemistry depending upon the strength of ligand 
fieldo The high spin octahedral complexes of Cobalt (ll) 
are known to have effective magnetic moments ranging from 
4,30 to 5,20 B,M. (104) involving very high orbital contri-
bution, V7hilc -the spin-only moment for three unpaired 
electrons is only 3,89 E,H. Our observed magnetic moment 
value of 4,76 B,M. (table-10) for Co (II)-INAPi: complex 
might be attributed due to high synmcrry component in 
octahedral geometry (197) and also free from partial 
covalent character. 
4 5 2 The Cobalt (II) ion hue tr.c ^Yit^ e^ ) ground ste-cc 
with the excited state F lying 153 higher in energy. In 
A 
cubic crystal field, these levels v/ill SDlit into "T (F) , 
i g 
"i^r;^^^' ^2a^^'^ ^"^ ''^i •^^ '' ^" order of increas ing energy. 
Hence, for octahedral Co (ll)-cony.lex, three spin allovjcd 
bands are o:jcpccted corre poncing 'o "che t r a n s i t i o n s 
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^Tjg(F) -> \^(F) , Sjg(F) -> % g ( F ) ana ^ Tjg(F) -> 
T^ (P), The observed electronic spectrum of Co (II)-
INAPH complex (table 11, Fig 28) shows three bands at 
10740 cm"-^ , 19900 cm"-"- and 21730 cm"''". The band of low 
intensity at 10740 cm ("^-i) can, therefore, be assigned to 
'^ T^  (F) -> "^T (F) . The bands at 19900 cm"''' ("O^ ) and 
21730 cm"-'' ("O^ ) were assigned due to '^T (F) -•> ^ A2g^^^ 
and T (F) -> T. (P) transitions respectively. The first 
Ig^^' ^ •2g 
 
-1 frequency showed D to be 107 cm" andTi^  /-O- field para-
meters (table 11), have been calculated by the use of semi-
empirical equations (154) . Taking the values ofTj^ ,-vJ2 ^^'^ 
"JJ3/ Racah Parameter 'B* comes out to be 627. The value of 
B, 0,645 indicates a very low degree of covalency. The 
spectrum also allov/s the calculations of L.F.S.E, (ligand 
4 4 
field stablizing energy and E( p) - E ( F), term separation 
-1 -1 
which comes out to be 3659.4 kg mol and 9405 cm respec-
tively. Thus the positions of the bands and other ligand 
field parameters suggests the octahedral geometry of Cobalt(ll) 
INAPH complex which is further supported by it's I.R. spectral 
studies (Fig. 31, table 12) . 
The thermogravimetric analysis of Co (II)-INAPH 
complex shows initial weight loss at 180 -200 C corres-
ponding to two water molecules (loss in wieght, Calc=5.83%, 
Found = 5.80/'o) as coordinated water. 
128 
Nickel (II)-INAPH Complex : 
Nickel (II) ion has an effective electronic configu-
Q 
ration 3d and exhibits a magnetic moment value higher than 
expected for tv/o unpaired electrons in octahedral cind tet-
rahedral complexes due to orbital contribustions where as 
its square-planar complexes are diamagnetic. The effective 
magnetic moment values reported for high-spin octahedral 
Nickel (II) complexes range from 3,20 to 3,40 E,H, (131) 
and that for tetrahedral ones between 3,60 to 4,00 B,M. 
(131) depending upon the magnitude of orbital contribution. 
The magnetic moment 2,98 B,M, observed in present case 
(table 10) is less than the value expected for high-spin 
octahedral or tetrahedral complexes. This lov7 magnetic 
moment value may be a consequence of a diamagnetic unit 
contained in the same molecule along with octahedral unit, 
A similar magnetic behaviour of Ni (ll) complexes with 
dithioxamide has been reported by Kanekar and Cov;orkers 
(198), Ni (ll)-INAPK complex V7as, hov/ever, found to be 
paramagnetic with octahedral structure and partially 
soluble in most of the non-aqueous polar solvents. 
Electronic spectra of a large number octahedral 
ni (II) complexes have been reported to exhibit three 
_1 
spin-allowed bands in the region 8000 to 13000 cm , 
129 
-1 -1 
15000 to 19000 cm and 25000 to 29000 cm corresponding 
3 3 * 3 3 to transitions A^ -V T. (F)^ A„ -> T, (F) and 2g ' • 2g 2g ' Ig 
3 3 A„ -y T (P) respectively. The observed electronic 
spectrum of Ni (ll)-INAPH complex (fig. 28, tabic 11) 
1 —1 
shows three bands at 10970 cm C^J/ 15315 cm C^^) and 
i ^ 
24885 cm . These bandsmay be assigned to the transitions 
respectively. Transition at 10970 cm might be attributed 
to spin allowed transition, while that at 15315 cm has 
been explained to be spin forbidden transition„ The spin 
allowed transition might be regarded due to transition 
arising in the complex when passing from. D, to D^ , symme-
try. The ligand field splitting energy 10 D v/as found to 
bo 109 on the basis of first frequency and ratio of "O^/lJ-
transition was 1.396. Other ligand field parameters lilce 
racah parameter (B) and B are claculated (table 11) and 
-l 
comes out to be 486 cm and .466 respectively. The 
spectrum also allov; the calculation of ligand field sta-
4 / 4 • blizinc energy (L.F.S.E.) and E ( p) - E(^F) terra separa-
-1 -1 
tion v;hich comes out to be 3727 kg mol and 7290 cm 
The position of the bands and values of ligand field para-
meters suggested the octahedral geometrv^  of the ni(ll)-
INAPK complex. This structure is further supported by 
the I.R. spectral studies of complex (fig. 31 tabic 12). 
130 
Coryper (II)-IITAPH Complex ; 
-, . . ^. , . ' o ,10.,-.! 
Copper has an e l e c t r c n i c coriLi. urcrcicn JC 4^ one, 
t h e r e f o r e / t h e f ree copper ( I I ) ion would hav^ the ofi;', c -
9 2 
"ivc electronic configuration of 3d , ground term. E , Great 
majority of Cu (II) complexes shov; normal magn^ itic momr nt 
of 1.75 to 2.20 B.M. (135) indicating the absence of 
any appreciable spin coupling between unpaired clcct.rons 
belonging to different co':^pr-r atom;;. On the other hand, a 
niimber of Copper (II) complexes have been reported to sl^.ov; 
a subnormal magnetic moment^ 1,73 B.M, (137). Some Cu (ll) 
carboxylates (138) and the so called tricoordinated Cu (ll) 
complex (139) belong to this category. According to 
Figgis (136), the magnetic moment value for tetrahedral 
is "y 1.90 Bcl-I., whereas for square planar and octahedral 
Cu (II) species is ^ 1.90 B.M,, The observed magnetic 
moment 2,47 B,M. (table 10) for Cu (II)-IKAPK complo:-: is 
pretty large from paramagnetism contribution due to one 
unpaired electron spin, although a l^ it less than 2.82 L.I-;., 
a value corresponding of two unpaired electrons spin equi-
valent. This discrepancy may be explained because of a 
bit shift of octahedral symmetry tov/ards the distorted 
octahedral one. Thus magnetic moment value suggests tl'.c 
distorted octahodr'al structure for the complex. 
Reflectance (arbitrary scale) 
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The electronic spectrum of an octahedrally coor-
dinated Copper (II)-INAPII complex should normally exhibit 
2 2 2 
absorption band due to 1^  -^ T_ transition. The E 
statr' is highly susceptible to John-Teller distortion a nd 
no Co"jpcr (ll) complex sh.ould have a regular octahedral 
symmetry. The distortion causes bi'oadening or even 
splitting of the absorption bands. In D^ , symmetry, the 
2 
E and T_^ levels of the D free ion term will further g 2g split into B^ , A^ , B„ and E levels respectively and 
^ Ig Ig 2g g jr- J: 
the energy level sequence \7ill depend on the amount of the 
distortion (160).Electronic spectrum of Cu (Il)-inAPK 
complex (fig 29, table 11) shov/s four bands at 11575 cm 
(X)^), 13420 cm'^^'CO^),, 15145 cm~^(TJ.) and 23250 cm""^ . 
The Broad band at 13420 cm might be regarded due to 
2 2 E -^ T„ transition,. It v/as found asymmetric on account 
g <ig 
of splitting by a lov/ symmetry ligand field component. The 
-1 2 2 band at 15145 cm due to the transition B- -> S Ig -^  g 
suggests the distortion of octahedral geometry of- the 
the complexo The band at 11575 cm ("^ i^  '^'^^Y ^^ assigned 
2 2 
due to B^ -^ A. transition. Absence of a band around 
-1 
18181 cmi discarded the possibility of squareplanar geo-
metry. The fourth band observed at 23250 cm" has br^ en 
attributed due to charge transfer. The ligand field 
parameters have been calculated and given in table -11), 
Thus all the band positions and ligonc' field parameters 
suggest the distorted octahedral gecmo'crs'- for Cu (ll)-
133 
lUAPII complex. VThich is further supported by the I.R. 
spectral study of the complex (figo 32, table 12), 
The thcrmoc;ravimetric analysis of Cu (ll) -INAPH 
compile:: JIIOWS initial weight loss at 180-200 C corres-
i^ onding to tv.'o v;atcr molecules (loss in v;eight, calc= 
5,79/-/ Found = 5,16%) as coordinated v/ater. 
Iron (ll)-INAPII Complex : 
Iron (II) ion has an effective electronic confi-
6 
guration d and is expected to shov; paramagnetism corres-
ponding to six unpaired electron spins in cin octahedral 
environment. The magnetic moments for spin-free iron (II)-
complGxcc lies in the range 5.70 to 6,10 5.M. (104). The 
observed magnetic moment/ 5,84 E,M, (table -10) for Fe (II) 
INAPIi complex Gucgeests it to be paramagnetic and octahed-
ral (199) . 
The electronic spectrum of Fe (II)-IKAPH complex 
(figo 39 tabic 11) shoijs three bands at 12210 cm ( 1 3 ) , 
19390 cm~^(Y>2^ ^"^ 25145 cm"'^ ^"^3^' '^^ ^ broad band 
-1 5 5 
at 12210 cm (*D.) due to T -> T transition suggests 1 /g g 
the octahedral geom''~trY Q-" the complex. The second band at 
19390 cm (V)„) is due to charge transfer. The third band 
at 25145 cm~'(\3 J is probably due to -^ A, -> T, tran-
o - -- Ig Ig 
s i t i o n , \'hich a lso micl.t be regarded as charge t r a n s f e r 
134 
- 1 
band . The- -Tirst frcauoncy showG D t o be 122 cm and 
q 
"^ 2'^"^! ^-^-'-^'^ '^^ ^ found to bo 1,508 (table 11). Taking 
the valuos of V)-, / "O ^  and "0 ^  transitions, Racah Para-
-1 
meter 'B' -^as calculat'-d ancji comes out to be 527 cm , 
The spectrum also ollov/s bh- calculations of L.F.C.E. 
/I "1 
(liO'snd field stcbli;::inc; energy) and £( P) - E('F), 
_1 
term separation v.'liicl; comes out to br 4172 kg mol and 
_]_ 
7905 cm respectively. Thus the positions of the bands 
and ligand field parameters, calculated (table 11, Fig 22) 
suggested th.e octahedr^il geometry of the Fe (lI)-inAPK 
complex. 
The thormogravimctric analysis of Fe (II)-IKAPK 
complex shovrs initial v/eight loss at 180-200 C correspon-
ding to two water molecules (loss in v;eight, calc = 5,86%, 
found = 5,C3/-) as coordinated water. 
Palladium (II)-INAPI-I complex : 
The Falladium. (II) , lilic Hi (II) , have an electronic 
configuration of d ,, 'The d"' complexes arc generally 
2 
square-planar involvinc; dsp hybridization and diamagnctic 
(102), Hov/cver con£idera])lo interest have been attached 
to the magnetic pjropertics of group (VIII) metals of 
second and third rov7 transition metal series as, very 
often, the Ilund' s rule of m.rj>cimum spin-multiplicty is not 
obaied. The observed effective magnetic moment for Pd (II) 
135 
INAPH complex is 0,00 (table-10). This suggest the complex to 
2 be diamagnetic having squarc-plc:inar geomctri'-, involving dsp 
hybridization. 
The electronic spectrum of Pd (II)-IMAPH complex 
-1 (fig. 29, table 11) shows three bonds at 24400 cm , 
"1 -1 
31245 cm and 35710 cm , Out of these three bands, the 
band observed at 24400 cm" (^ )^ has been assigned to 
1 1 A. -^ B^ transition. It suggests the square-planar 
geometry of the compleXo The band at 35710 cm is due to 
charge transfer, and the band at 31245 cm which is a 
shoulder on the charge transfer band, is a ligand field 
1 1 
origin probably due to A. -^ E transition. Thus the 
magnetic moment value and diffuse reflectance spectral 
study of Pd (II)-INAPH complex suggest diamagnetic and 
square-planar geometry for the complexo VJhich is further 
supported by its I.R, spectral study (fig 32, table 12), 
INFRARED SPECTRA : 
The infrared spectra of the liganc'' arcZ comr:>lQxes 
_1 
v/ere recorded in the region 4000 to 400 cm , The important 
I.R, absorption bands and their tentative assignments are 
given in table 12, fig (30-32). A study of I.R. spectra shows 
that the band observed at 3300 cm due toU! N?I (Sym.) in the 
_1 
spectrum of ligand shifted to the lov/er region at 3130 cm , 
-1 -1 -1 -1 
3110 cm , 3150 cm , 3140 cm and 3110 cm in the spectra 
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of Co (II), Ni (II), Cu (II), Fe (II) and Pd (II) complexes 
respectively, shov/ing that the coordination has taken place 
through nitrogen atom of ITH (asym.) group. Further, the 
\JC=0 stretching at 1785 cm" observed in the spectrum of 
ligand also shifted tov/ards lov;er region at 1680 cm , 
-1 -1 -1 -1 
1570 cm , 1675 cm , 1680 cm and 1675 cm in the spectra 
of Co (II), Ni (II), Cu (II), Fe (II) and Pd (II) complexes 
respectively, shov/ing that the coordin.tion has also taken 
place through oxygen atom of C = 0 group. 
-1 -1 -1 
The bands at 3550 cm , 3560 cm , 3580 cm and 
3575 cm"-'- in the Co (II) , Ni (II) , Cu (II) , and Fe (II) 
complexes respectively, have been assigned to OK stret-
ching frequencies of the coordinated v/ater molecules. 
Further, the appearance of the bands of medium intensites 
-l -1 
around 630-640 cm and the sharp bands around 780-790 cm 
in the spectra of Co (ll), Ni (II), Cu (II) and ?o (II) 
complexes suggest that tv70 v^ a^ter molecules were coordi-
nated to the respective metal ions (200), Sharp bands br-tveen 
(1600 - 1575) cm in the spectra of the ligand and the 
complexes v/ere assigned to the aromatic ring including 
(C = N) asymctric frequency of the ring. Further, the 
very sharp bands around (1130-1120) cm in the spectra 
of Co (II) , Ni (II) , Cu (II) and Fe (II) complexes have 
been assigned to the ionic nature of sulphate group (201, 
202) with Td-syrnmetry in the complexes. The bands around 
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(995-980) cm have been assigned to N-N made of vibration 
-1 -1 (199) . The lov; frequency bands at 530 cm , 530 cm 
-1 -1 
540 cm and 520 cm in the spectra of the complexes 
complexes only^ wore assigned to'O(Co-O), "L)(Ni-0), 
"O (Cu-0) ,"0(Fe-0) and"O(Pd-0) respectively (200, 201). 
-1 -1 -1 -1 The bands at 505 cm , 510 cm , 520 cm , 500 cm and 
-1 
510 cm in the spectra of the complexes have been assig-
ned to 'O (Co-N) , O (Mi-NP, v)(Cu-N) ,'0(Fe-N) and "O (Pd-H) 
respectively (200,201). The spectrum of Pd (II) complex 
did not show the bands for the coordinated water. 
CONCLUSION 
From the above discussion it is suggested that 
isonicotinic acid phenyl hydrazide forms stable coloured 
complexes with Cobalt (II) / Nickel (II), Copper (ll), 
Iron (II) and Palladium (II) of 1:2:M:L type. The Co (II), 
Ni (II) and Fe (ll) forms octahedral complexes, Cu (ll) 
forms distorted octahedral complex and Pd (ll) forms dia-
magnetic square planar complex, with INAPK. 
CHAPTER - VI 
ANALYTICAL ESTIMATIONS, CALCULATION OF EFFECTIVE 
MAGNETIC MOMENT, INFFARED SPECTROSCOPY, ELECTRONIC 
SPECTROSCOPY AND METAL-SULPHUR LINK 
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CHAPTER - VI 
The estimations of Cobalt, Nickel, Copper, Chronium, 
Zinc, Cadmium and Mercury in PDTG, MBTA, OMBTADA and INAPH 
complexes were made by the following procedure. The nickel 
and copper were estimated by gravimetric analysis while 
other metals were estimated by voltimetric analysis. 
A known amount of the complex was dissolved in con-
centrated sulphuric acid and evaporated to dryness. The 
black decomposed complex was then treated with an oxidising 
mixture (HNO, and HCIO. in the ratio 1:3) and heated to 
complete dryness. The process was repeated many times to 
ensure complete decomposition of the organic matter in the 
complex. The residue so obtained was dissolved in water 
and made upto a known volume. The metals in these standard 
solutions were estimated by the use of standard ethylene 
diaminetetraacetic acid (EDTA) titration method (179) as 
the case may be PAN, Cu-PAN or Eriochrome Black-T were used 
as indicators. 
Estimation of Nickel : 
Nickel was estimated gravimetrically in the complexes, 
For the estimation of nickel a known amount of complex was 
treated with concentrated nitric acid and heated to a syrupy 
consistency. The process was repeated several times and 
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syrupy mass so obtained was dissolved in watero Now some 
cone, hydrochloric acid was added and again evaporated to 
a syrupy mass so as to remove the excess of nitric acid. 
This was then dissolved in water and made to a known 
volume to obtained a standared solution. 
A known volxime of the above prepared solution was 
taken and acidified with dilute hydrochloric acid. A 1% 
dimethylglyoxime solution in alcohol was added to it with 
constant stirring and a slight excess of aqueous amonia was 
added to made the solution amonical. Thus a bright red 
coloured precipitate was obtained which was allowed to 
stand for one hour and then filtered through a weighed 
sintered crucible. It was washed with cold water until 
free chloride ions were removed and then dried at 110-120 C 
to a constant weight. Nickel was then estimated as nickel 
dimethylglyoximate TNi ^^/^n^n^T^ T] ^^"^^^ ^^^ ^^^ percentage 
of nickel in the complex was then calculated. 
Estimation of Copper : 
The standard solution was prepared by the same 
procedure as mentioned in nickel estimation and Cu was estimated 
as cuprous thiocyanate (Cu CNS) (180), A known volume of 
this standard solution was taken, acidified with dilute 
hydrochloric acid, A 10% solution of alkalithiocynate 
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was added with constant stirring in presence of a reducing 
agent like sulphurous acid. The white precipitate thus 
obtained was allowed to stand for few hours and then fil-
tered through a weighed sintered crucible. It was washed 
10-15 times with cold solution prepared by mixing 1 ml. of 
alkalithiocynate and 5-6 drops of saturated sulphurous acid 
in 100 ml, of water. Finally the precipitate was washed 
with 20% alcohol to remove alkali thiocyanate. The precipi-
tate was dried at 110-120 C to a constant weight copper was 
then estimated as cuprous thiocynate (CuCNS), The percentage 
of the metal in the complex was then calculated. 
Estimation of Palladium : 
For the estimation of Palladivmi, the standard solu-
tion was prepared by the same procedure as mentioned in 
nickel estimation, A knovm volumeofprepared standard solu-
tion v/as taken, acidified with dilute hydrochloric acid and 
to it a one percent dimethylglyoxime solution in alcohol was 
added with constant stirring. The orange yellow precipitate 
thus obtained was allowed to stand for one hour and then 
filtered through a weighed sintered crucible. It was washed 
both by cold and hot water and then dried at 110-120 C to 
a constant weight. Palladium was then estimated as palla-
dium dimethylglyoxime KPd (C.H„02N2)2 and the percentage 
of palladium was calculated in the complex. 
145 
Sulphur Estimation of tlie Complex : 
In the complexes of PDTG, MBTA and OMBTADA, the 
estimation of sulphur has been made by the following 
procedureo 
For estimation of the sulphur in the complexes a 
platinum crucible was taken and heated to a constant weight. 
A small amount of fusing mixture (KNOo:Na-COT::1:3) was 
taken in this crucible so as to covered the bottom surface 
of the crucible and the weight of the crucible was taken. 
Over this fusing mixture approximately 0,1 gram of the 
complex was added carefully and weight of the crucible was 
taken again. A good amount of the fusing mixture was again 
added so that the complex present in the crucible gets 
covered completely. The; weight was taken again. The crucible 
containing the complex and the fusion mixture was then heated 
carefully on a low flame keeping in mind that no spurting 
takesplace. After complete fusion the crucible was cooled 
off and placed in a beaker. The white fused mixture in the 
beaker was then dissolved in dilute hydrochloric acid, heated 
on a water bath for few hours and filtered off. To the 
filtrate, hot solution of barium chloride was added with 
constant stirring so as to obtained a white precipitate. 
The white precipitate thus obtained was digested on a water-
bath, cooled and filtered through the constant weighed 
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sintered crucible. The precipate in the cruciple was 
washed with cold water and finally with hot v/ater and dried 
at 110-120 C to a constant weighto After weighing the cru-
cible with precipitate, the weight of barium sulphate (180) 
was taken and percentage of the sulphur was then estimated 
from these results. 
Calculation of effective magnetic moment; 
Theory and general description :-
When a sample material is placed in a uniform mag-
netic field, a dipole moment proportional to the product of 
the sample susceptibility times, the applied field is induced 
in the sample. If the sample is made to undergo sinusoidal 
motion as well, an electrical signal can be induced in 
suitably located stationary pick up coils. This signal 
which is at the vibration frequency, is proportial to the 
magnetic moment, vibration amplitude, and vibration fre-
quency. This means of producing an electrical signal 
related to the magnetic properties of a sample material 
used in the model 155 VSM. The material under study is 
contained in a sample holder, which is centered in the 
region between the pole pieces of a laboratory magnet, A 
slender vertical sample rod connects the sample holder 
with a transducer asseml^ ly located above the magnet, vjhich 
in turn, supports the transducer assembly by means of 
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sturdy, adjustable support rods. 
The transducer converts a sinusoidal ac drive signal, 
provided by an oscillator/amplifier circuit located in the 
console, into a sinusoidal vertical vibration of the sample 
rod and the sample is thus made to "undergo a sinusoidal 
motion" in a uniform magnetic field. Coils mounted on the 
pole pieces of the magnet pick up the signal resulting 
from the sample motion. 
This ac signal at the vibration frequency is proporti-
onal to the magnitude of the moment induced in the sample. 
However, it is also proportional to the vibration amplitude 
and frequency. This being the case, moment reading taken 
simply by measuring the amplitude of the signal are subject 
the errors resulting from vibrations in the amplitude and 
frequency of vibration. To overcome this problem, the model 
155 makes use of an ingenious nulling techniques to obtain 
momern: reading which are free of these sources of error. 
This technique depends on being able to use a vibrating 
capacitor to generate another comparison signal which varies 
with moment, vibration amplitude, and vibration frequency in 
the same manner as does the signal from the pick up coils. 
By appropriately processing these two signals, the effects 
of vibration amplitude and frequency shifts are cancelled 
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and readings are obtained which vary only with rooment, the 
quantity of interest. The signal from the pick up coils 
is applied to one input of a differential amplifier, which 
has as its other input a signal derived from the fixed 
plate assembly of a vibrating capacitor mounted beneath the 
transducer assembly. Applied to the moving plate assembly 
of the capacitor is a dc voltage proportional to the magni-
tude of the sample (For the moment, forego any considerations 
of how this dc voltage is produced), Thus an ac signal is 
coupled on to the fixed plate assembly of the vibration 
capacitor and from there to the second input of the differe-
ntial amplifier. This signal, because the dc voltage applied 
to the moving assembly is proportional to the magnetic 
moment, is proportional to the moment as well. Moreover, 
because the capacitor is vibrated by the same transducer 
as vibrates the sample<, the capacitor output signal varies 
with changes in frequency and vibration amplitude in the 
same manner as does the signal from the pick up coils. 
In other words, changes in vibration amplitude and 
frequency have identically the same effect on both of the 
signals applied to the differential amplifier, and, because 
the differential amplifier passes only differences between 
the two signals, the effects of vibration amplitude and 
frequency changes are cancelled. Thus, of the three factors 
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(moment, vibration amplitude, vibration frequency) which 
affect the amplitude of the pickup coil signal, only one 
moment determines the aniplitude of the signal at the out-
put of the differential amplifer. This signal in turn is 
applied to a synchronous detector, where it is compared 
with a reference signal taken from the same oscilator as 
furnishes the transducer drive signal. At the output of 
the synchronous detector then, is a dc signal proportional 
to the amplitude of the moment. This dc signal is ampli-
fied and then used in two different ways. First of all, 
it is fed back to the movable plate assembly of the vibra-
ting capacitor. Second, it is applied to the output display 
circuits. The effect of the fedback is to automatically 
adjust the dc signal to the level required to maintain the 
capacitor output signal at the same level as the pickup 
coil signal. For samples having a weak moment, the fed-
back dc voltage will be low. In any case, it will always 
be proportional to the dipole moment of the sample and 
independent of vibrations in the vibration amplitude or 
frequency. As this dc votage also serves as the input to 
the output display circxiitry, the Model 155 output display 
indicates moment magnit\ade alone, uninfluenced by vibration 
amplitude changes and frequency drift (181), 
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The effective magnetic moment of the sample can 
be calculated by the following formula; 
Feff = 2.84 (-^ ^^;j— ) B.M. 
where; 
R = Reading of the magnetometer 
M = Molecular weight of the compound, 
T = Absolute temperature, 
H = Electric field applied 
W = Weight of the sample (pallet) 
INFRARED SPECTROSCOPY : 
Infrared spectroscopy gives the information about 
the structure of the molecule. The ordinary 'Infrared 
-1 
region' extend from 4000-667 cm , The region from 12500 
_1 
to 4000 cm is called as 'near infrared' and the region 
-1 from 667-50 cm is called as 'far infrared*. The above 
number (cm ) is directly proportional to the absorbed 
energy (K = E/hc) where as the wave length is inversely 
proportional to the absorbed energy (A=hc/g, 1/K) / C is 
velocity of light and K is the v;ave number in cm (increase 
centimeters or Kaysers) for a non linear molecule of n~atoras, 
possessing 3n degree of freedom/ the fundamental modes of 
vibrational motion will be 3n~6, For a linear molecule it 
will be 3n-5. These vibrations are known as fundamental 
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type of vibrations. There are however deviations from the 
theoretical values. The number of vibrations are increased 
due to: 
(a) Combination tones ~ s\un of two or more fundamental 
frequencies ("O + TL3 ) , 
(b) Difference tones - difference in fundament frequencies 
(c) Multiple tones - multiple fundamental frequencies 
(1)2 ~"^3^ ^ •^ •^ 
A decrease in the number of vibrations due to (a) symmetry 
of molecule, and (b) slightly different frequencies of 
vibrations. The appearance of vibrational frequencies in 
the I.R. spectra is guided by the selection rule, which 
states (i) For infrared activity of a vibration, it should 
produce a periodic change in the dipole moment. In the 
absorption of radiation, only transitions for which change 
in the vertical energy level, ie^^^lJis + 1 can occur. 
The absorption frequency is affected by electro-
negative groups, conjugation and hydrogen bonding. Greater 
the electronegativity of the substituent group, greater the 
absorption frequency. All such groups, which increases the 
acidity of an acid, they must raise the absorption frequency. 
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Conjugation causes the lowering of absorption frequency, because 
-1 
of large number of -OH groups,• Regions above 1800 cm 
-1 
and 909-650 cm are functional group regions. Most of 
the functional groups are shown in these regions and parti-
al -1 
cularly in the higher one. Region below 1300 cm -900 cm 
known as finger print region in which molecule as a whole 
shows the spectrxim and. not a particular functional group. 
Though complete normal coordinate analysis of a given 
molecule is necessary for predicting all the bands in 
I.R. spectrum, it is at time enough to consider the fre-
quencies of certain groups or atoms called group frequen-. 
cies. These frequencies are characteristics of groups no 
matter, in what molecule they occur. The absence of that 
particular grouping from the molecule, 
C-S stretching : 
The C-S stretching vibrations have been assigned 
-1 
to a weak band in the region 700-600 cm , There appears 
to be a progressive decrease in the frequency in the 
order: primary, secondary and tertiary C-S (150). In 
several alkyl thiocyanates, it appears in the region 
772-622 cm" , Dialkyldixanthogens shows the C-S stret-
ching between 690-680 cm . 1,2,4-Dithiozoline derivatives 
have been found to show at least two bands in the range 
635-602 cm" which may be due to C-S stretching vibrations. 
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C~H stretching : 
These frequencies usually appears between 3100-
3000 cm"''". In alkane C-H stretching band appears in 
the region 2962-2853 cm'""^ / it appears in the region 
3095-3010 cm~ in the case of disubstituted alkanes. A 
-1 
sharp C-H stretching band in alkyn appears at 3300 cm . 
Aromatic compounds give rise variable C-H bands at the 
region 3030 cm 
M-S Stretching : 
The metal sulphur frequency is a direct evidence 
for M-S linkage. It appears in the low frequency region 
300-380 cm"""". 
S-0 Stretching : 
The stretching frequency of carbonyl group appears 
in the region 1700-1750 cm" when oxygen atom coordinates 
to metal ion, it is shifted to low frequency region ie* 
1650-1545 cm"-"-. 
ELECTRONIC SPECTRA : 
The transition metal complexes usually absorb light 
some where in the .spectral region between 200-2000 nm. The 
transitions responsible for these absorption correspond 
to the excitation of electrons of molecule from the ground 
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state to higher electronic states. Electronic transi-
tions takes place between the ground levels of coordina-
tion clustures and the excited levels. 
As a result of different types of interelectronic 
interaction/ (which are absent in a single electron 
2 9 
system), many more non-degenerate states exist in d -d 
electron system, than in a single electron system. Fur-
ther, the concept of spin and orbital angular momentum 
for the individual electrons loose significance in a many 
electron system. These properties of the individual 
electrons are coupled together to produce a single resul-
tant momentum is described by the quantum nvunber ' J' , 
Term symbols are used to indicate both the electronic 
configuration and the resultant angular momentxnn of an 
atomic state. Two schemes L.S, coupling are used to 
describe the coupling of all the angular momenta in the 
atom. The LS coupling scheme is used when spin-orbital 
interactions are relatively small. The individual orbital 
angular momentum indicated by the quantum nximber L for the 
state. The individual electron spin moments also couple 
to give a resultant spin moment described by the quantxun 
number S, The L and S value determines the value of 
resultant angular momentum J, which can have quantized 
positive values ranging from L-S to L+S (consecutive 
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values are separated by 1) , The JJ coupling scheme is 
used when spin orbital interactions are large. The spin 
angular momentum of an individual electron couple with 
it' s orbital momentxim to give an individual J for that 
electron. The individual J is coupled to produce resul-
tant J for the atom. 
The total angular momentum for an incomplete d 
shell electrons is obtained by adding values of the 
individual electrons which are treated as a vector with 
the component ml in the direction of applied field. Thus, 
L = mli = 0 1 2 3 4 5 6 
S P D F G H I 
The total spin angular momentvim S = Si where Si is the 
value of spin angular momentum of the individual electrons, 
S has a degeneracy equal to 2S+1, which is also known as 
spin multiplicity. Thus a term is finally denoted as 
"L", e,g, if S=l and L = 1, The term symbol will be 
3+ 
negative and similarly for V (ground state) the term 
3 
symbol F^ (L = 3, S=l, J=4,3,2) and IG^ (L=4, S=0, J=4) 
for excited state. In general the terms arising from a 
4 
d configuration are as follows: 
9 
dd . D 
-1^8„3 3^ 1 1_ 1„ d d F , P, G, I), S 
15S 
aV^ F, S, ^ H, 2G, h. h. \ . \ 
d^  «s; ^G, S, S, \ . \ . \ . G^^ , 2c3, 2p, 2s. 
The electronic transitions taking place in an atom 
or an ion are generated by certain "selection rules", 
Transitions which are possible according to these rules 
are referred to as "allowed transitions" and those not 
possible as "Forbidden transitions". The electronic spectra 
of the complexes may be taken in the solid state as well as 
in solution. This may be accomplished in three ways: 
(a) A single crystal may be studied. Here the observa-
tion of the absorption spectrum may be made in diff-
erent crystal orientations and with light polarized, 
indifferent differections. 
(b) The diffuse relectance spectrum: In this technique, 
the sample is grinded finally and the light is made 
to pass through it and examined. However often 
diffuse reflectance is the only method available for 
the examination of spectrxim of an insoluble or unstable 
material. 
(c) Bands in the infrared part of the spectrum may be 
examined with the specimen in the form of a mull, as 
usual in infrared spectroscopy. 
15? 
Charge transfer spectra ; 
Some times charge transfer bands appear in the 
ultraviolet region of the spectrum.Charge transfer 
spectra involve, a redistribution of electron density 
within a molecule ie, transfer of charge from ligand to 
metal or metal to ligand. They have often been referred 
as redox spectra. For metal complexes there are often 
possibilities that charge transfer spectra extend into 
the visible region to obscured d-d transitions, 
METAL-SULPHUR LINK 
The available data are not enough to predict any 
uniform pattern for the coordinating ability of heavy 
donor atoms of group VI in general and sulphur in parti-
cular. In general, the donor properties of sulphur are 
restricted as regards to the nature of the acceptor atom 
(182), Sidgwick states the name of the metals that can 
easily coordinate as acceptors with sulphur are-
Cr Ni Cu Ge As 
- Ru Pd Ag Sn Sb 
- Os Pt Au o Pb Bi 
Chatt, Davis and Ahrland proposed the classifica-
tion of central ions, which is connected with electrone-
gativities (182) as (i) those central ions which form their 
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most stable complexes v/ith the first ligand atom of each 
group (viz, N, 0, F) and (ii) those central ions which 
form the most stable complexes with the second or sub-
sequent ligand atoms (viz, P, S, CI etc.), The type 
(i) central ions like alkaline earth metals^ rare-earth 
and Th (IV) show clear cut electrovalent bonding (183), 
In class (ii) type central ions, exist three separate 
categories: (a) metals with usually low oxidation numbers, 
o 
square-planar low-spin d systems as Palladium (II), 
Platinum (II), Gold (III) and Copper (I), Silver (I) and 
10 Mercury (II) of d configuration. This family exhibits 
the highest complex formation constants of heavy halides 
and of sulphur containing ligands. This explanation is 
based on 7C -back bonding from the filled d-subshells to 
the empty orbitals of the ligand as given by yatsimirkii 
(184). It is, therefore, clear, that such an effect would 
be favoured by low oxidation number, (b) The metals with 
high oxidation numbers. It is due to the fact that all 
halide complexes tend to become much stronger in a series 
such as Potassixim (I) , Calcium (II) , Scandium (III) , 
Titinium (IV) and Vanadium (V) but it is doubtful whether 
this series discriminates against fluoride as demanded by 
type (I) tendencies. The S family e.g. Sn (II), Sb (II) 
Te (IV), Tl (I), Pb (II) and Bi (III); where the corres-
ponding gaseous ions contain two 5S-or 6S- electrons. 
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show type (II) character towards halides and sulphur 
containing ligands but not towards amines and cyanides. 
The reason seems to be that the filled S-orbitals would 
become strongly <^ antibonding with respect to later type 
of ligands. (c) Jrgensen (183) believes that some metals 
may have type (ii) character in both low and high spin 
oxidation states and yet type (i) character is an inter-
mediate oxidation state. 
Formally sulphur resembles oxygen having two 
unshared pairs of electrons in the bi-covalent state, but 
the donor properties of sulphur are remarkably different 
from that of oxygen. Sulphur is frequently less effec-
tive than oxygen as a donor to first row metal ions. 
Formation of Metal-Sulphur link : , 
Due to the inadequacy of experimental data and 
also theoretical calculations on overlap integrals it is 
difficult to formalise the metal sulphur link. However, 
the following factors greatly contribute to the formation 
of such a bond.' 
1, The diffused orbitals of sulphur donors may undergo 
contraction (as against contraction theory of Craig, 
Cruickatank believes that 3d-orbitals in the free 
sulphur atom are already of suitable size for bonding) 
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9 
by the positive ions of metals at higher valency 
states. This might lead to stabilization of high 
valency states in transition metal complexes invol-
ving sulphur donors, particularly for those metals in 
which the effective nuclear change is high. 
Sulphur donors would be capable of causing stabliza-
tion of low valency states by formation of <y bonds 
and by reducing the charge on metal by back donation 
and formation of X -bond. 
3. The idea of reducing character of sulphur ligands 
corresponds reasonably well with their position in 
the nephelauxetic effect. 
4. The position of sulphur ligands containing thiol 
groups involving donation from a bi-covalent sulphur 
seems to lie after H„S where the sulphur is tricovalent. 
Stablity of transition metal complexes with sulphur 
ligands is not alv;ays predicted on this-basis. Why 
tricovalent sulphur in many cases should coraperatively 
be a poor donor is really a vexed question, 
5. Steric factors and the chelate effects would also 
• affect the stability of the metal sulphur link. , 
However, relatively large size of sulphur does not 
v/arrant that the properties would be greatly altered 
by substituents R in ligands like R^S. Also the 
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comperatively greater tendency of catenation should 
be born in mind while calculating the steric effects. 
The main factors which influence the nature of 
metal-sulphur link are given below: 
Electronegativity : •-
The electronegativities of donor atoms follow the 
series F ^ 0 y N > C 1 > Br>I'^^S.^SC''^C> Te> P ^ 
AS ")> Sb. However, other atoms or groups attached to the 
donor atom influence the effective electronegativity. 
From a consideration of an electrostatic model, it can be 
said that for a unidentate ligand, the conrresponding 
ability will depend not only on the electronegativity but 
also on the total dipole moment of the ligand which in 
turn depends on both the permanent and the induced dipole 
moments. For example the permanent dipole moment of NH^ 
is less than that of H^O, the total dipole moment of NHo 
may be greater in the presence of cations v/ith high pola-
rizing power (42), The large size and the smaller per-
manent dipole moment of H_S ( /JH^ S = I.ID, and pH^O = 
1.9 D) reduces its coordinating ability below that of 
water for ions of low field strength (42). However, H^S 
is more polarizable than H^O and with ions of high field 
strength e.g. Hg (II), Ag (I). U^S coordinates strongly 
and protons are forced off to give insoluble sulphides. 
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Again for oxygen ligands both the permanent dipole moment 
and the coordinating ability decreases as H^0^R0H"]>R20 
where as in case of sulphur ligands these increases in 
order H2S<^RSH<;[R2S, According to Livingstone (42), 
neglecting any contribution for jr -bonding/ the strength 
of bonds on consideration of electrostatic and covalent 
models should follow the order (a) R 5 > R S and (b) R2O 
y R^S > ^2^^^ ^2^®' 
Polarizability :-
Sulphur has an important bearing on their rela-
tion to their donor capacity due to greater polarizabi-
lity in comparison to oxygen atom. The polarizability 
decreases by alkyl substitution. The decrease is much 
less (5 percent) in going from H^S to RpS than the dec-
rease (24 percent) in going from H_0 to R^S than the 
decrease (24 percent) in-going from H_0 to R„0 (185). 
Among the sulphur ligands themselves the decrease in 
-2 -polarizability follows the order S y RS y. R S. Nyholm 
et. al. (186) observed that the donors containing -SH 
group coordinate more strongly with transition metals 
than the sulphides. It conclude that in passing Rs to 
R_S the proton affinity of sulphur decreases enormously 
which is a rough measure of the tendency to form strong 
u -bonding which in turn also affected by the factors 
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like size, availability of necessary d-orbitals or 
bi-covalent sulphur filling to overlap sufficiently over 
the filled d-orbitals of the metals, 
7C -Bonding : 
Pearson (187) has classified metal ions and 
ligands into 'hard' and 'soft* lewis acids and bases. 
He has suggested a general rule that hard acids bind 
strongly to hard bases and solft acids to soft bases. 
Hard acids are those which are basic in usual sense 
binding strongly to the proton while soft acids bind 
strongly to highly polarizable or unsaturated bases 
which often have negligible proton basically, e,g. R„S, 
Yet it is. possible for a base to be soft and strongly 
binding to the proton. Such a case is the highly pola-
rizable S ion. The concept of solft and hard acids 
roughly corresponds to (i) and (ii) type metals of Chatt 
et, al (182), Irving and Fernelius (188) has been pointed 
out that stability constant of complexes formed in aqueous 
solutions between various metal ions and sulphur donor 
ligands do not follow base strength of the acids. In 
case of those metals where 7C -bonding might be expected 
to be of importance. According to Longuet-Higgins (189) 
the successful complexation between sulphur containing 
heterocyclic compounds and the transition metal ions is 
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due to large jf -contribution from the strongly bonding 
X -orbitals. The said compounds have not yet been tho-
roughly investigated. Coates and Whitecombe (190), has 
been made a comperative study of the relative stabilities 
of the complexes formed between RNH^, R^O, H„0, R^S 
(R = methyl group) as ligand and transition metal ions as 
acceptors. This comparison has revealed greater stability 
of metal-sulphur bond in comparison to metal-oxygen and 
metal-nitrogen bonds to the same metal which is due to 
the X -bonding of metal-sulphur bond. 
Bond strength and numbers of lone pairs : 
The bond strength depends on the effective nuclear 
charge and the ionic radius, in the formation of a complex 
between a metal ion and a negatively charged ligand. Hence 
RO would be expected to coordinate more strongly than RS 
and therefore, bond strength of RO should be greater than 
that of RS. The same also holds good for an uncharged 
ligand except in special cases (186, 191), 
Sulphur can enter into dj, - dTt bonding due to 
vacant d-orbitals, whereas oxygen and nitrogen have no 
orbital available to accept electrons from suitably filled 
d-orbitals on the metal atom. It is difficult to assess 
the amount to which K -bonding occurs but on the basis of 
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available evidence (42) it can be suggested that it does 
occur favourably with ligands containing sulphur as donor 
atoms. Therefore, if -ji -bonding occurs, it can cause a 
reversal of the order^ The condition for TC -bonding are 
most favourable with the latter ntomber of the second and 
third transition series e.g. Pd (II) , Pt (II), Hg (II) and 
with the early transition metals in the low oxidation 
states as Mo (0), W (0) and Re (I). The nximber of lone 
2-
pairs decreases in going, from S to R^S which is also 
the order of decrease of polarizability and hence in any 
consideration of the bonding properties of sulphur ligands, 
the distribution between sulphide ions, mercaptide ion 
and thio ether should born in mind. Thus in thiols, 
where sulphur is bi-covalent and V-shaped as compared 
to it's trivalent and trigonal shape in thioethers. The 
greater polarizability of thiols is always competing 
against the d K -electron capacity of thioethers (192) . 
Orbitals used for bond formation : 
According to Nyholm et, al (186) and Magnusson 
(193) the low effective nuclear charge on sulphur binds 
d-orbitals into hybridization with -S and -P orbitals 
enabling sulphur to form more than four bonds to ether 
atoms and increases its maximum coordination number to 
six unlike oxygen. As a result of this strength of both 
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CT* and JT "type of bonds enhanced. Low promotion energies 
make d-participation feasible due to which results in 
Pj^and dj^ orbitals overlap indicating the configuration 
containing these bonds, which is not possible in case 
of oxygen, A number of evidences have been cited of 
sulphur making frequent use of d ;[• orbitals to form 
multiple bonds. Among the sulphur donors themselves it 
has been observed that bivalent sulphur is more effective 
in producing electron pairing in four-covalent Ni (II) 
complexes than in trivalent sulphur. It has been seen 
that some compounds like Xanthic acid (194) and thiooxalic 
acid (194) causes electron pairing whereas chelate group 
EtS(CH ) SEt and l-methYl-3,4 dimethyl thiobenzene fail 
to do this (186), In first case sulphur forms two p 
bonds and in latter sp-bonds are formed by sulphur. 
Regarding the orbitals of metal used for bond formation 
with bis (acetylacetonate) Nickel (II) forms tetrahedral 
v/hile Copper (II) forms a sguareplanar complex, 
Spectrochemical series of ligands : 
The spectrochemical series of ligands is arranged 
according to spectroscopic splitting parameter A (10 DJ, 
as given by the frequency of the lowest ligand field 
absorption band in transition metal complexes. As a good 
approximation the following relationship for ^  holds 
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<^ = 10 f,g. cm 
where, F = Function of ligand and 
g = Function of the metal atom 
The position of sulphur ligands is not clear as relatively-
few complexes of sulphur ligands have been studied spec-
trophotometrically. However, although some sulphur ligands 
are near chloride, sulphur appears to have a wide range, 
2-
as SO^ when bond through sulphur has a late position in 
the series near N0~. It, has probably seen that R„S occurs 
between H2O and NCS (176). The position of Rs" in the 
series is estimated from the spectra of mercaptOethyl 
amine complexes of Co (II) (195). 
The corresponding spectrochemical series of tran-
sition metal ions in respect to these ligands also follow 
the general rule. The spectrochemical series of the ligands 
is (196) . 
I < B r < Cl<^ -^  S_CN < dtp"< F c^ Urea rsj OH rO NO2 r^^ 
HCOO < CJD^~^<(^ H20r>0'PDTG^\JNCS<gly < MBTAr>0 
OMBTADA< Py< mi^ < ^°3^<^ E^'o ^ -^" 
Corresponding series of central metal ions is (196). 
Mn(II)^Ni(Il)<Co(Il)< Fe(ll)<^ V(Il)<Fe(III) 
<C Cr(IIl)OJV(Ill)<^ Co(lIl)< Mn(IV)< Mo(lIl)<^ 
Rh(IIl)r\yRu(IIl)< Os(IV)<^ Pd(IV)<; Ir(lll)<^ 
Re(IV)<^ Ft(IV) . 
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Showing a strict arrangement according to increasing number 
of transition group 3d <C. 4d"<^ Sd^ (with relative value of 
the function 1:1, 45;1,75) and corresponding to increasing 
oxidation numbers +2<^ +3 <^  +4 (with relative values of 
functions 1:1,6:1.9). The strong increase of A from 
divalent to trivalent ions in the first transition group 
will hardly be explained by any electrostatic model. The 
spectrochemical series'of tetragonal complexes has the 
same order of ligands where in case of tetrahedral symm-
etry the wave function can not be classified according 
to parity. 
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Magnetic and spectral studies of CoCII), Ni(II), 
Cu(II), Zn(II), Cd(II) and Hg(II) complexes 
with salicylaldehydedithioglycerol 
H. P. S. RATHORE' 
S. K. TIWARIi 
U. C. SHARMA' 
Manuscril re^u le 08-07-1985 
Sahcylaldehydedilhioglycerol (SDTG) C|,H2o05S2 forms stable complexes ol ML type where M - divalenl mclai and 1. = ligand, which 
are Ihermally quite stable The decomposition temperature ranges from 115-IfiOX" The siruciuie ol these complexes have been characterized 
on the basis of elemental analysis, electronic spectra, magnetic susceptibility and inlrared absoipiion spectra on /.eiss PMO(ll spectrometer 
sample diluted with MgCO,, vibrating sample magnetometer (VSM), Piinccton Applied Research Model-155 and SP 1200 spectrophoiomelei 
respectively. Complexes of SDTG with Co(ll), Ni(II), Cu(ll), Zn(ll). Cd(ll) and Hg(ll) arc square planai octahedral and telrahcdral showing 
that coordination take place'lhrough sulphur and oxygen atom of alcoholic group of the ligand. 
Resume. — La salicylaldchydithioglycerole (SDTG) CHH20O5S2 
forme des complexes thermiquenieni stables du type ML. La tempera-
ture de decomposition se situe entre 335-360 °C. La structure des 
complexes a ete etablie a partir d'analyse elementaire, de spectres 
elecironiqucs, de mesures de susceptibihte magnetique, de spectrome-
trie mfra-rouge sur Zeiss PMO(I) {echantillon dilue dans MgCOj), 
magnetometre vibrant (VSM), Princeton A R. Model 155 et spectro-
photometre SP 1200. Les complexes de SDTG avec les ions metalli-
ques ont une structure plan carre octaedrique et tetraedrique ou la 
coordination s'effectue par les atomes d'oxygene et de soufre du 
groupe alcoolique du ligande. 
Introduction 
Some metal complexes of mercapto compounds have been 
prepared and studied pharmacologically by M. M. Jones (1-6). 
Similar type of compounds and its metal complexes were pre-
pared by Tiwari & Rathore et al. (7-12). The present commu-
nication describes the synthesis and characterization of salicyl-
aldehydedithioglycerol (SDTG) C13HJ0O5S2 and its complexes 
with Co(Il), Ni(Il), Cu(ll), Zn(ll), Cd(ll) and Hg(II) on the 
basis of elemental analysis, electronic spectra, magnetic sus-
ceptibility and IR studies. The above chelating agent is a hexa-
dentate. It contains two sulphur atoms and four hydroxy! 
groups capable of combining in various polydentate modes. 
P R | - J > A R A T 1 ( ) S 01 IHt COMPLIMS 
a) CodD-SDTG complex 
An aqueous solution of metal chloride 0.01 M was added to an 
equimolecular solution of chelating agent in acetone Few drops of 
NaOH was added to adjust the pH around 7.5, a brown colour com-
plex separates out. This was digested at room temperature for 
24 hours, filtered, washed with water then with water and acetone 
(1:1) and dried in vacuum desiccator. 
b) Ni(II) SDTG complex 
Greenish colour complex was prepared by the same procedure as 
above in Co(Il) SDTG complex. The pH of the solution was 7.0. 
c) Cud I) SDTG complex 
Dark green colour complex was prepared by the same procedure as 
above in Co(II) SDTG complex. The pH of the solution was 6.7. 
d) Zn(II). Cddl) and Hg(II) complexes wiih SDTG 
An aqueous solution of metal chloride was added to an equimole-
cular solution of chelating agent in acetone. Few drops of NaOH was 
added to adjust the pH around 6.0, 5.0 and 2.0 respectively, light yel-
low, light orange and pink colour complexes separate out. These com-
plexes were digested at room tempeiature for 12 hours, filtered, 
washed with water then with water ajid acetone (1:1) and dried in 
vacuum desiccator. 
Results and discussion 
Experimental 
CHEMICALS 
Thioglycerol of 90% purity N.F. Grade (Evans Chemetics, New 
York) was used as such without further purification. All other chemi-
cals used were of A. R. Grade. 
PRI PARATION OV THE LIGAND 
Sahcylaldehyde 12 2 g (0.1 mole) and thioglycerol 22.032 g 
(0.2 mole) were mixed and 10 ml of concentrated HCl was added with 
stirring The solution was healed gently on heating plate for 
- 8 hours The product was then allowed to cool in refngeratoi. 
After 72 hours, the red colour viscous gel solidified. The product was 
washed with water, alcohol then finally with acetone yield - 25.6 g, 
80%) 
The structure of the new chelating agent is supported by 
(a) elemental analysis, (b) IR absorption spectra, and (c) fai-
lure to give positive test for a free sulphydryl group. The per-
centage of C, H and S on analysis were found to be in excel-
lent agreement with those calculated for the above structure. 
The most striking evidence for ;he structure of the chelating 
agent are (a) the disappearance of the —SH stretching absorp-
tion band shown by thioglycerol in the region 2570 cm"', and 
(b) sharpening and intensifying of the C—S .stretching region 
near 700 cm"' compared (o that observed for thioglycerol. A 
final piece of the experimental evidence which confirms the 
above structure of the chelating agent is the fact that solution 
of the chelating agent fails to produce any blue colour with 
FeCI, solution (13). The results are given in tables 1 and 2. 
CH 
2 HOH2C-CHOH-CH2-SH + OHC-C ^ C H 
HO-C ^ C H 
CH 
H-
-H,0 
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CH 
HC^ ^ C - d H 
HC / C - O H 
CH 
S-CH,.CHOH.CH,OH 
^S-CH,.CHOH.CH,OH 
SDTG 
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Formula 
^12^*200552 
ColC.jH.sOjSj l 
N, (C„H ,,05821 
Cu(C,,H|sO,S2l 
ZnlCnH.gOjS,! 
Cd[C| ,H„0,S2) 
HglCi jHisOjS,] 
Carbon 
Calcd. 48.75 
round 49 15 
Calcd 41 39 
Found 41 15 
Calcd 4141 
round 41 40 
Calcd 40 88 
lound 40.84 
Calcd 40.69 
Found 40 60 
Calcd •»6.24 
Found 36.20 
Calcd 30 10 
Found 30.00 
Percentage 
flydrogcn 
6.25 
6.06 
4 77 
4 72 
4 77 
4 75 
4 71 
4.70 
4.69 
4 60 
4.18 
4.10 
3.47 
3.40 
TABLE 1 
A nalylical data of cimiplexcs 
Sulphur 
20 00 
20.10 
16 98 
1690 
16 99 
16 93 
16.77 
16 70 
16 69 
16 60 
14 86 
14 80 
12.35 
12.10 
-
15.62 
15 60 
15 58 
15 54 
16.65 
16.60 
17 05 
17 00 
26 U 
26.10 
38.70 
38.60 
Magnetic moment 
per metal atom 
elf. ,i (B M ) 
-
2 69 
4 4 
2 28 
Dianiagnclic 
- d o -
— d o -
Decomposition 
temperature CC) 
-
360 no cllect 
340 no cllect 
335 no cflcci 
340 no cllect 
340 no eflecl 
340 no el feci 
SoUihilily 
Acetone 
Triton X 100 
— d o -
- d o -
- d o -
—do— 
—do— 
TABLE 2 
Principal IR absorption hands (cnv') 
Formula (C-S) —OH (pri) —OH (sec) -OH (phenolic) 
C13H20O5S2 
CojCijHisOsS,] 
Ni(C,3H,sO,S2l 
Cu[C|3H,AS:) 
Zn|C|3H,sO,S,) 
Cd |C, ,H,AS2l 
Hg|C,3H,sO,S,] 
665 (m) 
730 (m) 
605 (s) 
725 (s) 
615 (s) 
725 (s) 
605 (s) 
730 (s) 
640 (m) 
730 (s) 
610 (m) 
715 (s) 
730 (s) 
610 (m) 
1050 (s) 
1045 (br.s) 
1020 (m) 
990 (ms) 
990 (ms) 
990 (s) 
990 (s) 
1100 (s) 
1100 (m) 
1100 (s) 
1080 (m) 
1100 (ms) 
1100 (m) 
I 100 (m) 
1410 (s) 
1400 (m) 
1410 (m) 
1410 (m) 
1410 (m) 
1410 (m) 
1410 (ms) 
Where m = medium, ms = medium sharp, s = sharp, br s = broad sharp 
The decomposition temperatures are above 330°C indicate 
that complexes are thermally quite stable. 
Co(ll)-SDTG COMPLEX 
Our observed magnetic moment of Co(Il)-SDTG is 
2.69 B.M. which lies in range 2.20-2.90 B.M. reported for 
square planar complexes (14). This is also supported by the 
view of Nytholm (15, 16) that the double bondmg between 
ligand atom and the metal atom is an important factor 
favouring the square planar configuration. The two strong 
ir-bonds can be formed at right angles, using 3-d-electron 
pairs of a transition metal atom and vacant p or d-orbitals on 
the ligand atom. Thus, the ligands containing atoms or groups 
capable of forming double bonds with metal atom e.g. sul-
phur, do form square planar atoms. Hence the square planar 
stereo chemistry is suggested for the above cobalt(ll) 
complex. The electronic spectrum of Co(n)-SDTG con^'sts of 
only one broad transition band at 16670 cm"'. The order C*' 
the energy levels was deduced (14) from a simple point, charge 
model. This was further supported by the i.r. spectral studies. 
Ni(n)-SDTG COMPLEX 
Our observed magnetic moment of Ni(II)-SDTG complex is 
4.4. B.M. which lies in the range 3.6 to 4.0 B.M. reported for 
tetrahedral nickel complexes (17). This conclusion is further 
supported by the electronic spectrum of the Ni(lI)-SDTG 
complex which shows three bands appearing at 5260 cm"', 
8330 cm"' and 17240 cm"'. The band observed at 5260 cm"' is 
due to the transition 'T|g(F) — 'T2(F). The ligand field para-
meters have been calculated using the semi-empirical equation 
(18). So the crystal field parameter B and Dq comes out to be 
945 cm"' and 449 cm"' respectively. The position of the band 
H !' S R A I H O R I . S k TIWARI Ct U C SHARMA 
for the transition 'T|g(F) — ^T2(r) has been calculated and 
comes out to be 3800 cm"' which is in good agreement (12) 
With the observed band at 5260 cm ' This is further support 
.ed by the IR spectral studies 
Cu(ll)-SDTG coMi>i LX 
Octahedral Cu(II) species has magnetic moment > 1 90 B M 
Our observed magnetic moment of Cu(l l)-SDTG is 2 20 B M 
which lies in the range reported above lor octahedral Cu(l l) 
complexes (20, 21). The electronic spectrum of an oclahcdrally 
coordinated Cu(II)-SDTG complex should normally exhibit 
absorption band due to ^E,, — ^Tjg transition The 'E,, state is 
highly susceptible to John-Teller distortion and no Cu(ll) 
complex should have a regular octahedral symmetry The dis-
tortion causes broadening or even splitting ol the absorption 
bands Therefore, all the six coordinated copper(II) complexes 
are tetragonal with D^h or C4V symmetry In Djh symmetry, 
the Eg and Tjg levels of the 2D free ion term will further split 
into B|g, Ajg, B2g and Eg levels respectively and the energy 
level sequence will depend on the amount of distortion (22) 
The observed band at 14280 cm"' seems to exclude the square 
planar form, as the square planar Cu(Il)-complexes generally 
show two bands of nearly equal intensity corresponding to the 
transitions ^Big —» ^Aig and ^8,^ — ^Eg, like the reported 
!5(X)0 cm"' and 18000 cm"' bands for square planar Cu(ll)-bis 
(acetylacetonate) complex (23-25) Therefore, it may be con-
cluded that the Cu(Il)-SDTG complex is of distorted octa-
hedral structure. Hence, the band at 14280 cm ' has been 
identified as the transition ^Eg — ^72^. This is further sup-
ported by the IR spectral studies. 
Zn(ll) , Cd(II) AND Hg(lII)-SDTG COMPLEXES 
Zinc, cadmium and mercury have an electronic configura-
tion d'^s^ In the element of lb group the filled shells lose one 
or two d-electron to give ions or complexes in the II and III 
oxidation states but for group II elements, there is no evi-
dence for oxidation state higher than two Therefore, all 
Zn(II), Cd(II) and Hg(II) complexes should be diamagnetic 
and will have no ligand field stabilization effects All these 
form stable complexes with sulphur containing ligands (26, 
27) Zn(II), Cd(II) and Hg(II) complexes are white yellow, 
light orange and pinkish in colour respectively, diamagnetic 
and insoluble in water as well as in common organic solvents 
The electronic spectra of the complexes were found practically 
identical with that of the ligand The IR measurements coupl-
ed with the diamagnetic nature of the complexes indicate that 
the metal ion is coordinated tetrahedrally through the oxygen 
atom of the alcoholic group and the sulphur atom of the 
ligand 
INFRARED SPECTRA 
The infrared spectra of the ligand and the complexes were 
recorded in the region 4000 to 400 cm ' The important 1 r 
absorption bands and their tentative assignments were obtain-
ed with reference to the spectra of thio and amino acid com 
plexes (25-28) In the ligand fiC—S) at 665 cm ' and 730 cm ' 
on coordination shifted to the lower frequency showing coor 
dination takes place through sulphur atom similar 10 anaio 
gous systems of Ihiopolycarboxylic metal chelates (7-11, 29-
33) The c—OH of primary alcohol at 1045 cm"' on coordina-
tion also shifted to the lower region showing that coordination 
takes place through the hydroxyl group of the primary 
alcohol Thus it forms the square planar and tetrahedral com-
plexes In case of Cu(Il)-SDTG complex, the c—OH at 
1100 cm"' of secondary alcohol also shifted to the lower fre-
quency showing that coordination also takes place through the 
hydroxyl group of the secondary alcohol to form distorted 
octahedral complex. A strong broad band in the region 3550 
3450 cm"' indicates the intermolecular hydrogen bonding This 
IS also supported by high melting points of the complexes 
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